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PREFACE 


The  following  Treatise  was  originally  designed  to  serve 
as  a  hand-book  or  companion  to  the  lectures  on  Natural 
Philosophy,  delivered  to  the  junior  division  in  the  Normal 
School.  Although  numerous  text-books  on  the  subject  were 
already  in  existence,  it  was  found  that  they  were  either  too 
abstruse  and  technical  for  beginners,  or  too  general  and 
superficial  to  be  of  much  practical  use.  The  aim  of  the 
present  little  work  is  to  occupy  a  position  between  these 
extremes — to  present  the  leading  facts  of  the  science  in  a 
form  so  concise  as  to  be  readily  remembered,  and  at  the 
same  time  to  give  that  thorough  drilling  upon  the  principles 
which  is  absolutely  essential  to  their  full  comprehension. 

As  a  hand-book  to  lectures  fully  illustrated  by  apparatus, 
it  was  not  necessary  to  introduce  many  wood-cuts,  and 
accordingly  they  have  been  given  only  where  absolutely 
necessary. 

The  chief  peculiarity  of  the  following  Treatise  is  the 
introduction  to  a  large  extent  of  problems  calculated  to 
impart   that   intimate   and    practical    knowledge   of  the 
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facts  and  principles  of  tlic  subject,  without  ■whicli  the 
student's  information  on  the  science  of  Natural  Philosophy 
is,  comparatively  speaking,  useless.  How  frequently  do 
we  meet  with  a  pupil  who  has  read  carefully  through  one 
of  the  common  text-books  on  the  subject  without  acquiring, 
to  any  very  great  extent,  clear  and  definite  ideas  of  the 
science  !  And  what  should  we  say  of  a  work  professing  to 
teach  the  principles  of  arithmetic  or  algebra  by  mere  rules 
and  explanations,  without  an  appropriate  selection  of 
examples  and  problems?  The  exercises  are  therefore 
deemed  an  important  feature  in  the  present  little  book, 
and  it  is  thought  that  the  science  may  be  taught  by  their 
aid  more  thoroughly  and  in  less  time  than  otherwise. 

Toronto,  January,  1860. 
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MTUEAL   PHILOSOPHY. 


CHAPTER  I. 


SUBDIVISIONS— GENERAL  PROPEREIES  OF  MATTER- 
ATTRACTION. 

1.  Natural  Science,  in  its  widest  sense,  embraces  the 
study  of  all  created  objects  and  beings,  and  the  laws  by 
which  they  are  governed. 

2.  Natural  objects  are  divided  into  two  great  classes, 
viz  :  organic  and  inorganic,  the  former  being  distinguished 
from  the  latter  by  the  exhibition  of  vital poioer  or  life. 

3.  Organic  existences  are  separated  into  animals  and 
vegetables,  the  former  distinguished  from  the  latter  by  the 
possession  of  sensihilitg  and  volition. 

4.  The  different  subdivisions  of  natural  science  and  their 
objects  are  as  follows : — 

Zoology  describes  and  classifies  animals. 

Botany  teaches  the  classification,  use,  habits,  structure, 
&c.,  of  plants. 

Mineralogy  describes  and  classifies  the  various  mineral 
constituents  of  the  earth's  crust. 

Astronomy  investigates  the  laws,  &c.,  of  celestial  phe- 
nomena. 

Geology  has  for  its  object  the  description,  <fec.,  of  the 
crust  of  the  earth. 

Chemistry  teaches  us  hoys'  to  unite  two  or  more  element- 
ary bodies  in  one  compound,  or  how  to  decompose  com- 
pound bodies  into  their  simple  elements. 

Natural  Philosophy  or  Physics  has  for  its  object  the 
investigation  of  the  general  properties  of  all  bodies  and 
the  natural  laws  by  which  they  are  regulated. 
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5.  Natural  Philosophy  is  divided  into — 

I.  General  Mechanics — including  Statics,  Hydrostatics, 
Dynamics,  Hydrodynamics,  and  Pneumatics. 

H.  Heat. 

HI.  Light — including  Perspective,  Catoptics,  Dioptics, 
Chromatics,  Physical  Optics,  Polarization,  and  Actino- 
Chemistry. 

IV.  Electricity — including  Statical  Electricity,  Galvan- 
ism, Magnetism,  Thermo-Electricity,  and  Animal  Elec- 
tricity. 

V.  Acoustics. 


PROPERTIES   OF   MATTER. 

e.  Matter  exists  in  three  separate  forms,  —  I.  Solid; 
n.  Liquid  ;   and  HI.  Gaseous. 

Note. — The  same  body  may  exist  in  all  three  forms,  as  is  the  case  ■with 
water,  mercury,  sulphur,  &c.  The  amount  of  heat  or  caloric  present  deter- 
mines the  form  of  the  body— if  heat  be  applied,  the  attraction  of  cohesion 
existing  among  the  particles  is  gradually  overcome,  and  the  body  passes 
from  a  solid  to  a  liqvxid,  and  from  a  liquid  to  a  gas.  If  heat  be  abstracted, 
the  attraction  of  cohesion  gradually  draws  the  particles  into  closer  proximity 
and  the  body  passes  from  a  gas  to  a  liquid,  and  finally  from  a  liquid  to  a 
solid.    Hence  heat  and  cohesion  are  called  antagonistic  forces. 

7.  Matter  is  distinguished  by  the  possession  of  certain 
distinctive  properties. 

8.  The  properties  of  matter  are  divided  into — 

1st.  Essential  Properties. 
2nd.  Accessory  Properties. 

9.  The  essenfiat  properties  of  matter  are  those  without 
which  matter  could  not  possibly  exist. 

10.  The  essential  properties  of  matter  are  Extension, 
Impenetrahiliti/ ,  Divisihiliti/,  Indestructahility,  Porosity, 
Compressibility,  Inertia,  and  Elasticity, 

11.  Extension  implies  that  every  body  must  fill  a  certain 
portion  of  space. 

Note,— The  Dimensions  of  Extension  are  length,  breadth,  and  thickness, 

12.  Impenetrahility  implies  that  no  two  bodies  can  oc- 
cupy the  same  portion  of  space  at  the  same  time. 
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Note.— Examples  of  the  impenetrability  of  matter  will  readily  suggest 
themselves.  Among  the  more  common  may  be  mentioned  the  impossibility 
of  filling  a  bottle  with  water  until  the  air  is  displaced— the  fact  that  when 
the  hand  is  plunged  into  a  vessel  filled  with  water,  a  portion  of  the  liquid 
overflows,  &c.  All  instances  of  the  apparent  jienetrability  of  matter  are 
merely  examples  of  displacement.  Thus,  when  a  nail  is  driven  into  a  piece 
of  wood,  it  displaces  the  particles  of  wood,  driving  them  closer  together 

13.  Divisihility  is  the  capability  of  being  continually 
divided  and  subdivided,  and  is  an  essential  property  only 
of  masses  of  matter. 

Note  l. — The  ultimate  particles  of  matter;  i.e.,  those  inconceivably 
minute  molecules  which  cannot  be  further  subdivided,  are  termed  atoms. 
(6r.  a  "  not"  and  temno, "  to  cut" ;  i.  e.,  that  which  cannot  be  cut  or  divided.) 

Note  2.— The  following  may  be  given  as  examples  of  the  extreme  divisi- 
bility of  matter : — 

I.  Gold  leaf  is  hammered  so  thin  that  300000  leaves  placed  one  on  another, 
and  pressed  so  as  to  exclude  the  air,  measure  but  one  inch  in  thickness. 

II.  WoUaston's  micrometric  wire  is  so  fine  that  30000  wires  placed  side 
by  side,  measure  but  one  inch  across — 150  of  these  wires  bound  together 
do  not  exceed  the  diameter  of  a  filament  of  raw  silk,  1  mile  of  the  wire 
weighs  but  a  grain,  and  7  ounces  would  reach  from  Toronto  to  England. 

III.  Insects  wings  are  some  of  them  so  fine  that  they  do  not  exceed  the 
^._  L^-_--^  of  an  inch  in  thickness. 

IV.  The  thinnest  part  of  a  soap  bubble  is  only  the  2500000th  part  of  an 
inch  in  thickness. 

v.  Blood  corpuscles  are  so  small  that  it  requires  50000  corpuscles  of  human 
blood,  or  800000  corpuscles  of  the  blood  of  the  musk-deer  to  cover  the  head 
of  a  common  pin.  Yet  these  corpuscles  are  compound  bodies  and  may  be 
resolved,  by  means  of  chemistry,  into  their  simjile  elements. 

VI.  There  are  animalcules  so  minute  that  millions  of  them  heaped 
together  do  not  equal  the  bulk  of  a  single  grain  of  sand,  and  thousands 
might  swim  side  by  side  through  the  eye  of  the  finest  cambric  needle.  Yet 
these  creatures  possess,  in  many  cases,  complicated  organs  of  loconiotion 
nutrition,  &c.  ' 

VII.  At  Bilin  in  Bohemia,  a  huge  mountain  consists  entirely  of  shells 
so  minute  that  a  cubic  inch  contains  41  billions— a  uumi)er  so  vast  that 
counting  as  rapidly  as  possible,  day  and  night  without  intermission  it 
would  require  780  years  to  enumerate  it.  ' 

VIII.  The  filament  of  the  spiders  web  is  so  fine  that  4  miles  of  ii  weigh 
only  about  a  grain— yet  this  thread  is  formed  of  about  6000  filaments  united 
together,  &c.,  &c. 

14.  Indestructdbility  implies  that  it  is  as  impossible  for 
a  finite  creature  to  annihilate  as  to  create  matter. 

Note.— "VVe  can  change  the  form  of  matter  at  pleasure,  but  we  cannot 
destroy  it.  When  fuel,  for  example,  is  burned,  not  a  particle  is  lost,  as  is 
proved  by  the  fact  that  if  we  collect  all  the  products  of  the  combustion- 
1.  e.,  the  smoke,  soot,  ashes,  &e.,  and  weigh  them,  we  shall  find  their  aggregate 
weight  exactly  equal  to  that  of  the  wood  or  coal  consumed.  We  may  safely 
conclude  that  there  is  not  a  single  atom  of  matter,  more  or  less,  attached  to 
our  earth  now  than  at  the  time  of  Adam. 

15.  Porosity  implies  that  the  constituent  atoms  of  mat- 
ter do  not  touch  each  other,  but  arc  separated  by  small 
intervening  spaces  called  pores. 
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Note.— The  atoms  even  of  the  densest  bodies  are  much  smaller  than  the 
spaces  which  separate  them.  Newton  regards  them  as  infinitely  smaller, 
as  being  in  fact  mere  mathematical  points,  and  Sir  J.  Herschel  asks  why 
the  particles  of  a  solid  may  not  be  as  thinly  distributed  through  the  space 
it  occupies  as  the  stars  that  compose  a  nebula,  and  he  compares  a  ray  of 
light  penetrating  glass  to  a  bird  threading  the  mazes  of  a  forest. 

16.  Comjv'essibiUty  implies  the  capability  a  body  pos- 
sesses of  being  forced  into  a  smaller  bulk  without  any  di- 
minution in  the  quantity  of  matter  it  contains. 

Note. — Since  all  matter  is  porous,  it  follows,  as  a  necessary  consequence, 
that  all  matter  must  be  compressible. 

17.  Inertia  means  passiveness  or  inactivity,  or  that  mat- 
ter is  incapable  of  changing  its  state,  either  from  rest  to 
motion  or  from  motion  to  rest. 

Note. — Bodies  moWng  on  or  near  the  surface  of  the  earth  soon  come  to 
a  state  of  rest,  unless  some  constant  propelling  force  is  applied  to  them. 
This  is  owing  to  the  action  of  certain  resisting  forces,  as  the  resistance  of 
the  atmosphere,  friction,  and  the  attraction  of  gravity. 

18.  Elasticitij  is  the  capability  which  all  bodies  possess, 
more  or  less,  of  recovering  their  former  dimensions  after 
compression  or  after  having,  for  a  time,  been  compelled  to 
assume  some  other  form. 

Note. — As  applied  to  solids,  elasticity  is  divided  into— 

1.  Elasticity  of  compression, 

2.  Elasticity  of  tension, 

3.  Elasticity  of  flexure,  and 

4.  Elasticity  of  torsion. 

Some  bodies,  as  putty,  seem  to  possess  very  little  elasticity.  In  glass  all 
four  kinds  appear  to  exist  almost  perfect  within  certain  limits— no  force 
however  great  or  long  continued  will  cause  glass  to  take  a  set,  as  it  is  termed. 

19.  The  accessory  properties  of  matter  are  those  which 
merely  serve  to  distinguish  one  kind  of  matter  from  another. 

20.  The  accessory  properties  of  matter  are  hardness, 
softness,  flexibility,  hrittleness,  transjparency ,  ojmcity,  mal- 
leability, ductility,  tenacity,  &c. 

21.  Malleability  expresses  the  susceptibility,  possessed 
by  certain  kinds  of  matter,  of  being  hammered  out  into 
thin  sheets. 

Note.— The  most  malleable  metals  are  gold,  silver,  iron,  copper,  and  tin 

22.  Ductility  is  susceptibility  of  being  drawn  out  into 
fine  wire. 

Note.— The  most  ductile  metals  are  platinum,  gold,  iron,  and  copper. 

23.  Tenacity  or  toughness  implies  that  a  certain  force 
is  necessary  to  pull  the  particles  of  a  body  asunder. 
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Note.— The  following  table  shows  the  relative  tenacity  of  different 
substances.  The  first  column  shows  the  number  of  pounds  weight  required 
to  tear  asunder  a  prism  of  each  substance,  having  a  sectional  area  of  one 
S(fuare  inch,  and  the  second  column  gives  the  length  of  the  rod  of  any 
given  diameter  which,  if  suspended  would  be  torn  asunder  by  its  own 
weight  :— 

TABLE  OF  TENACITY. 


Weight  in  pounds. 

Length  in  feet. 

(Section  of  rod  1  sq.  in.) 

(any  diameter.) 

METAL3. 

Cast  lead, 

1824 

348 

Cast  tin, 

4736 

1496 

Yellow  Brass, 

17958 

5180 

Cast  Copper, 

19072 

^003 

Cast  Iron, 

19096 

6110 

English  Malleable  Iron,           55872 

16938 

Swedish 

do. 

72064 

19740 

Cast  steel. 

134256 
Woods, 

39455 

Pine. 

9540 

40500 

Elm, 

9720 

35800 

Oak, 

11880 

32900 

Beech, 

12225 

38940 

Ash, 

14130 

42080 

ATTRACTION, 

24.  Attraction  is  that  power  in  virtue  of  which  particles 
and  masses  of  matter  are  drawn  towards  each  other. 

25.  Attraction  is  of  several  kinds — viz  : 

I.  Attraction  of  Gravity. 
II.  Attraction  of  Cohesion.  . 

III,  Attraction  of  Adhesion. 

IV,  Capillary  Attraction. 
V.  Electrical  Attraction. 

"VI.  Magnetic  Attraction. 
VII,  Chemical  Attraction, 

26.  Attraction  of  Gravity  (Lat.  gravitas  "weight") 
is  that  force  by  which  masses  of  matter  tend  to  approach 
each  other.  It  is  sometimes  spoken  of  as  gravitation,  or 
when  applied  to  the  force  by  which  bodies  are  drawn 
towards  the  centre  of  the  earth,  terrestrial  gravity. 

27.  The  intensity  of  the  force  of  gravity  varies  directly 
as  the  mass  of  the  bodies,  and  inversely  as  the  square  of 
their  distance  apart. 
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Note.— If  we  suppose  two  spheres  of  any  kind  of  matter,  lead,  for  example 
to  be  placed  in  presence  of  each  other,  and  under  such  conditions  that 
being  themselves  free  to  move  in  any  direction  they  are  entirely  uninflu- 
enced by  any  other  bodies  or  circumstances  they  will  approach  each  other 
and:— 

1st.  If  their  masses  are  equal  their  velocities  will  be  equal. 

2nd.  If  one  contain  twice  as  much  matter  as  the  other,  its  velocity  will 

be  only  half  as  great  as  that  of  the  other. 
3rd.  If  one  be  infinitely  great  in  comparison  with  the  other  its  motion  will 

be  infinitely  small  in  comparison  with  that  of  the  other ;  and 
4th.  The  more  nearly  they  approach  each  other  the  more  rapid  will  their  • 

motion  become, 

28.  By  saying  the  Intensity  of  the  force  of  gravitation 
varies  inversely  as  the  sq^uare  of  the  distance  between  the 
attracting  bodies,  we  merely  mean  that  if  the  attractive 
force  exerted  between  two  bodies  at  any  given  distance 
apart  be  represented  by  the  unit  1,  then,  if  the  distance 
apart  be  doubled,  the  force  of  attraction  will  be  reduced  to 
5  of  what  it  was  before ;  if  the  distance  between  the  bodies 
be  increased  to  three  times  what  it  was,  the  force  of 
gravity  will  be  decreased  9  times,  or  will  be  only  i  of 
what  it  was,  &c. 

Example  1. — If  a  body  weigh  981  lbs.  at  the  surface  of  the 
earth,  what  will  it  weigh  8000  miles  from  the  surface  ? 

SOLUTION, 

Here  since  the  distance  of  the  body  in  the  first  case  is  4000  miles  from 
the  centre  of  the  earth  and  in  the  latter  case  1200  (i.  e.  8000+4000)  the 
distance  apart  has  been  trebled. 

Then  weight  =  ^  =  —  =  109  lbs,  Ans. 

Example  2. — The  moon  is  240000  miles  from  the  (centre  of) 
earth,  and  is  attracted  to  the  earth  by  a  certain  force.  How 
much  greater  would  this  force  become  if  the  moon  were  at  the 
surface  of  the  earth? 

soLriioy. 

Here  ^-^%-  =  '-^  =  60.  and  60^  =  3600  times.  A>^. 
Earth  s  radius        4000 

EXERCISES. 

3.  If  a  mass  of  iron  weigh  6700  at  the  surface  of  the  earth  how 

much  would  it  weigh  at  the  distance  of  12000  miles  from 
the  surface  ?  jlns.  4185  lbs. 

4.  If  a  piece  of  copper  weigh  9  lbs.  at  the  distance  of  36000 

miles  from  the  earth's  surface,  what  would  it  weigh  at  the 
surface  of  the  earth  ?  jlns.  900  lbs. 


29.  Attraction  of  Cohesion  is  that  force  by  which  the 
constituent  particles  of  the  same  body  are  held  together. 
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Note.— The  attraction  of  cohesion  acts  only  at  insensible  distances ;  i.  e., 
at  distances  so  minute  as  to  be  incapable  of  measiu'ement.  The  attraction 
of  gravity,  on  the  other  hand,  acts  at  sensible  distances. 

30.  Attraction  of  Adhesion  is  that  force  by  wliicli  the 
particles  of  dissimilar  bodies  adhere  or  stick  together. 

31.  Ccqnllary  Attraction  (Lat.  capilla,  "  a  hair")  is  the 
force  by  which  fluids  rise  above  their  level  in  confined 
situations,  such  as  small  tubes,  the  interstices  of  poroua 
substances,  &c. 

Note.— It  is  by  capillary  attraction  that  oil  and  burning  fluid,  melted 
tallow,  &c.,  rise  up  the  wick  of  a  lamp  or  caudle. 

32.  Electrical  Attraction  is  the  force  developed  by  fric- 
tion on  certain  substances,  as  glass,  amber,  sealing-wax, 
&c. 

33.  Magnetic  Attraction  is  the  force  by  which  iron, 
nickel,  &c.,  are  drawn  to  the  load-stone. 

34.  Chemical  Attraction,  or  Chemical  Affinity,  is  the 

force  by  which  two  or  more  dissimilar  bodies  unite  so  as 

to  form  a  compound  essentially  different  in  its  appearance 

and  properties  from  either  of  its  constituents. 

Thus  Potash  and  Grease  unite  to  form  soap— Sulphur  aud  Mercury  unite 
to  form  Vermillion,  &c. 


CHAPTER    II. 

STATICS. 

35.  The  Science  of  general  mechanics  (Greek  mechane, 
"  a  machine")  has  for  its  object  the  investigation  of  the 
action  of  forces  on  matter  whether  they  tend  to  keep  it  at 
rest  or  to  set  it  in  motion. 

36.  The  Science  of  general  mechanics  is  usually  sub- 
divided as  follows  : — 

I.  Statics,  (Greek  statos,  "standing,")  or  the  science  by 
which  the  conditions  of  the  equilibrium  of  solids  are 
determined. 

II.  Hydrostatics,  (Greek  hudor,  '•  water,"  and  statos, 
"  standing,")  or  the  science  by  which  the  conditions 
of  the  equilibrium  of  liquids  are  determined. 

III.  Dynamics  (Greek  dunamis  "  force")  or  the  science  by 
which  the  laws  that  determine  the  motions  of  solids 
are  investi orated. 
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IV.  Hydrodynamics  (Greek  hudor  aod  dunamis)  or  the 
science  by  which  the  laws  that  determine  the  motions 
of  liquids  are  investigated. 
V.  Pneumatics  (Greek^neiima,  "  air," and  statos,  "stand- 
ing,") or  Pneuma-static?,  the  science  by  which  the 
conditions  of  the  equilibirum  of  elastic  fluids,  as 
atmospheric  air,  are  investigated.  Pneumatics  may 
be  regarded  as  a  branch  of  Hydrostatics. 

37.  A  body  is  said  to  be  in  equilibrium  when  the  forces 
which  act  upon  it  mutually  counterbalance  each  other  or 
are  counterbalanced  by  some  passive  force  or  resistance. 

38.  Forces  that  are  balanced  so  as  to  produce  rest  are 
called  statical  forces  or  pressures  to  distingush  them  from 
moving,  deflecting,  accelerating  or  retarding  forces. 

39.  A  force  has  three  elements,  viz.,  magnitude,  direc- 
tion, and  point  of  application. 

40.  A  force  may  be  represented  either  by  saying  it  is 
equal  to  a  certain  number  of  lbs.,  oz.,  &c.,  or  by  a  hne  of 
definite  length.  A  line  has  the  advantage  of  completely 
defining  a  force  in  all  its  three  elements,  while  a  number 
can  merely  represent  its  magnitude. 

41.  Whatever  number  of  forces  may  act  upon  one  point 
of  a  body,  and  whatever  their  direction,  they  can  impart 
to  the  body  only  one  single  motion  in  one  certain  direction. 

42.  When  several  forces  (termed  components)  act  on  a 
point,  tending  to  produce  motion  in  different  directions, 
they  may  be  incorporated  into  one  force,  called  the  result- 
ant, which,  acting  alone,  will  have  the  same  mechanical 
effect  as  the  several  components. 

43.  When  any  number  of  forces  act  on  a  point  in  the 
same  straight  line,  the  resultant  is  equal  to  their  sum,  if 
they  act  in  the  same  direction ;  but  if  they  act  in  oppo- 
site directions,  the  resultant  is  equal  to  the  difference  be- 
tween the  sum  of  those  acting  in  one  direction  and  the 
sum  of  those  acting  in  the  other. 

44.  If  two  forces  acting  upon  the  same  point  be  repre- 
sented in  magnitude  and  direction  by  two  lines  drawn 
through  that  point,  then  the  resultant  of  such  forces  will 
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be  represented  in  magnitude  and  direction  by  the  diagonal 
oi  i\iQ  parallelogram,  of  which  these  lines  are  the  sides. 

45.  If  any  number  offerees,  A,  B,  C,  D,  &c.,  act  upon 
the  same  point  in  any  direction  whatever,  and  in  any  plane 
whatever,  by  first  finding  the  resultant  of  A  and  B,  then  of 
this  resultant  and  C,  then  of  this  resultant  and  D,  and  so 
on,  we  shall  finally  arrive  at  the  determination  of  a  single 
force,  which  will  be  mechanically  equivalent  to,  and  will 
therefore  be  the  resultant  of  the  entire  system. 

46.  If  the  components  act  in  the  same  plane,  the 
resultant  is  found  by  means  of  what  is  technically  termed 
the  parallelogravi  of  forces,  if  in  different  planes  by  the 
parallelojyiped  of  forces. 

47.  The  resultant  of  two  forces,  which  act  on  different 
points  of  the  same  body  in  parallel  lines  and  in  the  same 
direction,  is  a  single  force  equal  to  their  sum,  acting  paral- 
lel to  them,  and  in  the  same  direction,  at  an  intermediate 
point  which  divides  the  line  joining  the  two  points  of  ap- 
plication of  the  components  in  the  inverse  ratio  of  the  mag- 
nitudes of  these  components. 

48.  The  resultant  of  two  forces,  which  act  on  different 
points  of  the  same  body  in  parallel  lines  but  in  opposite 
directions,  is  a  single  force  equal  to  their  difference,  acting 
parallel  to  them  and  in  the  direction  of  the  greater  force, 
and  at  a  point  beyond  the  greater  of  the  two  forces,  so 
situated,  that  the  point  of  application  of  the  greater  of  the 
two  forces  divides  the  distance  between  the  points  of  appli- 
cation of  the  smaller  force  and  of  the  resultant  in  the 
inverse  ratio  of  the  magnitudes  of  the  smaller  force  and  of 
the  resultant. 

49.  When  any  number  of  parallel  forces,  A,  B,  C,  D, 
&c.,  act  on  a  body,  at  any  point  whatever,  and  in  any 
planes  whatever,  by  first  finding  the  resultant  of  A  and  B, 
next  of  this  resultant  and  C,  then  of  this  last  resultant  and 
D,  and  so  on,  we  shall  finally  arrive  at  the  determination 
of  a  single  force,  which  will  be  mechanically  equivalent  to, 
and  will  therefore  be  the  resultant  of  the  entire  system  of 
parallel  forces. 
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50.  When  a  system  of  forces  consists  of  two  equal, 
opposite,  ?^iidi  2'>ci'^'Cillel  forces,  it  is  called  a  Couple. 

51.  Two  equal  and  parallel  forces  acting  on  a  body  in 
contrary  directions,  have  a  tendency  to  make  that  body 
revolve  round  an  axis  perpendicular  to  a  plane  passing 
through  the  direction  of  such  tv?o  parallel  and  opposite 
forces  ;  and  such  tendency  is  proportional  to  the  product 
obtained  by  multiplying  the  magnitude  of  the  forces  by  the 
distance  between  their  points  of  application  :  and,  conse- 
quently, all  couples,  in  which  such  products  are  equal, 
and  which  have  their  planes  parallel,  are  mechanically 
equivalent,  provided  their  tendency  is  to  turn  the  body 
round  in  the  same  direction  ;  but  if  two  such  couples  have 
a  tendency  to  turn  the  body  in  contrary  directions,  then 
they  have  equal  and  contrary  mechanical  effects,  and 
would,  if  simultaneously  applied  to  the  same  body,  keep  it 
in  equilibrium. 

52.  If  any  two  forces,  not  parallel  in  direction,  but 
which  are  in  the  same  plane,  be  applied  at  any  two  points 
of  a  body,  they  admit  of  a  single  resultant,  which  may  be 
determined  by  producing  the  lines,  that  in  magnitude  and 
direction  represent  the  two  forces,  until  they  meet  in  a 
point  and  then  applying  the  principle  of  the  parallelogram 
of  forces. 

53.  If  two  forces  not  parallel  in  direction  act  in  different 
planes  on  two  points  of  a  body,  they  are  mechanically 
equal  to  the  combined  action  of  a  couple  and  of  a  single 
force,  and  their  effect  will  be  two-fold — 1st,  a  tendency  to 
produce  revolution  ;  2nd,  a  tendency  to  produce  progres- 
sive motion,  so  that,  if  not  held  in  equilibrium  by  some 
antagonistic  forces,  the  body  will  at  the  same  time  move 
forward,  and  revolve  round  some  determinate  axis. 

54.  The  process  of  incorporating  or  compounding  two 
or  more  forces  into  one,  is  called  the  composition  of  forces  ; 
that  of  separating  or  resolving  a  single  force  into  two  or 
more,  is  termed  the  resolution  of  forces. 

55.  As  all  the  molecules  of  a  body  may  be  considered  as 
gravitating  in  parallel  lines  towards  the  centre  of  the  earth 
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— these  parallel  forces  may  (Art.  49)  be  compounded  into 
a  single  force — which  resultant  is  equal  to  the  sum  o 
all  the  forces  affecting  the  particles  severally,  or,  in  other 
words,  to  the  weight  of  the  mass.  The  point  to  which  this 
resultant  is  applied,  is  called  the  Centre  of  Gravity,  and  the 
vertical  line  in  which  it  acts  is  termed  the  Line  of  Direc-r 
tion. 

56.  Every  dense  body  or  solid  mass  possesses  a  centre 
of  gravity. 

Note.— The  ceutre  of  gravity  is  sometimes  called  the  Centre  of  Inertia 
because,  if  it  be  moved,  tlie  whole  mass  is  moved — it  is  likewise  called  the 
Centre  of  Parallel  Forces,  for  the  reason  assigned  in  Art.  55. 

67.  The  Centre  of  Grain ti/  may  be  defined  to  be  that 
point  in  a  body,  upon  which,  if  the  body  be  supported,  it 
remains  at  rest  and  is  balanced  in  any  and  every  position. 

68.  If  a  body,  regular  or  irregular  in  shape,  be  freely 
suspended  by  a  point,  the  centre  of  gravity  will  inva- 
riably lie  in  the  line  of  suspension.  If  suspended  by  seve- 
ral points  of  succession,  the  lines  of  suspension  will  have  a 
common  point  of  intersection,  which  point  will  be  the  cen- 
tre of  gravity  of  the  body. 

69.  The  Centre  of  Gravity  is  not  necessarily  in  the  body 
but  may  be  in  some  adjoining  space,  as  in  the  case  in  a 
ring,  a  table,  an  empty  box,  <fcc. 

60.  The  tendency  of  a  body,  when  free  to  move  in  any 
direction,  is  always  to  rest  with  the  centre  of  gravity  as  low 
as  possible. 

61.  The  Stability  of  a  body  resting  in  any  position  is 
estimated  by  the  magnitude  of  the  force  required  to  disturb 
or  overturn  it,  and  will  therefore  depend  on  the  position  of 
the  centre  of  gravity  with  reference  to  the  point  of  sup- 
port. 

62.  A  body  supported  on  the  centre  of  gravity  is  said 
to  be  in  a  condition  oi  Neutral  or  Indifferent  Equilibrium  ; 
when  the  point  of  support  is  above  the  centre  of  gravity 
the  body  is  said  to  be  in  a  condition  of  Stable  Equilibrium  ; 
when  the  point  of  support  is  beneath  the  centre  of  gravity 
the  body  is  said  to  be  in  a  condition  of  Unstable  Equili- 
brium. 
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63.  The  centre  of  gravity  of  two  separate  bodies  may  be 
found  by  dividing  the  line  joining  their  centres  in  the 
inverse  ratio  of  the  magnitudes  of  the  bodies. 


CHAPTER  III. 

MECHANICAL   POWERS. 

64.  The  object  of  all  Mechanical  contrivances  is 

1st.  To  gain  power  at  the  expense  of  velocity ;  or 
2nd.  To  gain  velocity  at  the  sacrifice  of  force. 

■^  65.  The  relative  gain  and  loss  of  power  and  velocity  is 

\      regulated  by  that  principle  in  philosophy  known  as  the 
Y      Law  of  Virtual  Velocities,  or  the  Equality  of  Moments. 

^  66.  The  Law  of  Virtual  Velocity  may  be  thus  enun- 

\^      ciated  : — 

M  1  If  in  any  machine  thepoiccr  and  iceight  be  In  equillhrium 
V,  and  the  whole  be  jjut  in  motion^  then  the  power  multiplied 
^.^  by  the  units  of  distance  through  ichich  it  moves  is  equal  to 
^  ^  the  loeight  multiplied  by  the  iinits  of  distance  through 

^     which  it  inoves. 

Or  ifP=:power,  W=:weight,  S=s/)ace  moved  through  by  V,  and 
s:=space  through  ichich  W  moves. 

ThenF  :  W  ::  s  :  S. 

WXs     ^      Wxs_      PxS        ,        P^S. 
Hence  P  =  — g —  ;  S  =  — p — ,  W  =  — - —  and  s  =~Tn^ — 

Example  5. — A  weight  of  700  lbs.  is  moved  through  90  feet 
by  a  certain  power  moving  through  5100  feet.  Required  the 
power  ? 

SOLUTIO.N-. 

Here  }F=700.  5  =  90  and  S  =  5100. 

Hence  F  =  —5—  =      ,,„^  -  =  12-iv  lbs.  Ans. 

Example  6. — A  weight  of  500  lbs.  is  moved  by  a  power  of 
20  lbs.,  through  how  many  feet  must  the  power  move  in  order  to 
aise  the  weight  through  16  feet  ? 
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SOLUTION. 

Here  Wz=  500,  P  =  20  and  s  =  16. 

„  „       Wxs      500X16       ,„„,    ,      . 

Hence  S=  — „-  =:  — r-—  =  400  feet.  Ans. 

Example  7. — A  power  of  21  lbs.  moving  through  75  feet  carries 
a  certain  weight  through  11  feet.     Required  the  weight? 

SOLUTIOX. 

Here  P=:21,  Sz=75  and  s  =  H. 

Then   7F=  ?^  =  ?1^  =  143-3,-  ibs.  Ans. 
s  11  1  1 

ExABfPLE  8. — A  power  of  204  lbs.  moving  through  30  feet  is 

made  to  move  a  weight  of  1000  lbs.     Through  how  many  feet 

does  the  weight  move  ? 

SOLUTION. 

HereP  =  204,  IF =1000  and  5=  30. 

„,  Px5f     204X30     „.,... 

Then  s  =  —  =  .^^=,^^,  ft.  Ans. 

EXERCISES. 

9.  A  power  of  7  lbs.  is  made  to  move  a  weight  of  ICOO  lbs. 
through  1 1  feet ;  through  how  many  feet  must  the  power  move? 

Jns.  15713  feet. 

10.  A  power  of  97  lbs.  moving  through  86  feet  raises  a  certain 
weight  through  10  feet.     Required  the  weight?     .^ns.  834i  lbs. 

11.  A  weight  of  888  lbs.  is  raised  by  a  power  of  60  lbs.  ; 
through  how  many  feet  must  the  power  move  in  order  to  raise 
the  weight  through  1  foot.  .jim.  14i  feet. 

12.  A  certain  power  moving  tiirough  27  feet  is  so  applied  that 
it  carries  a  weight  of  2500  lbs.  through  4  feet.  Required  the 
power?  Jns.  310^  Ihs. 


67.  Any  contrivance  by  which,  in  accordance  with  the 
principle  of  Virtual  Velocities,  a  small  force  acting  through 
a  large  space  is  converted  into  a  great  force  acting  through 
a  small  space,  or  vice  versa,  is  a  Machine.  Machines  are 
either  simple  or  complex. 

68.  In  the  composition  of  machinery  it  is  usual  to  speak 
of  six  mechanical  powers — more  properly  termed  Mechan- 
ical Elements  or  Simple  Machines,  viz  : — • 

The  Lever  ) 

The  Inclined  Plane    >•  Primary  Mechanical  Elements. 

The  Pulley  and  Cord  ) 

The  Wheel  and  Axle) 

The  Wedge  \  Secondary  Mechanical  Elementt. 

The  Screw  ) 
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69.  In  reality  however,  there  are  but  two  simple  me- 
chanical elements,  viz.  the  Lever  and  the  Inclined  Plane, 
The  Wheel  and  Axle  and  the  Pulley  are  merely  modifica- 
tions of  the  lever,  while  the  Wedge  and  the  Screw  are  both 
formed  from  the  inclined  plane. 

70.  In  theoretical  mechanics  levers  are  assumed  to  be 
perfectly  rigid  and  imponderable — cords,  ropes  and  chains 
are  regarded  as  having  neither  thickness,  stiffness  nor 
weight,  they  are  assumed  to  be  mere  mathematical  lines, 
infinitely  flexible  and  infinitely  strong.  At  first  no  allow- 
ance is  made  for  friction,  atmospheric  resistance,  <fcc. 
After  the  problem,  divested  of  all  these  complicating  cir- 
cumstances has  been  solved,  the  result  is  modified  by  taking 
into  consideration  the  effects  of  weight,  friction,  atmosphe- 
ric resistance,  rigidity  of  coids,  flexibility  of  bars,  &c. 


L  E  V^E  R  S. 

71.  The  lever  is  a  bar  of  wood,  or  iron,  moveable  about 
a  fixed  point  or  pivot  called  the  Fulcrum. 

72.  Levers  are  either  Straight  or  Bent,  Simple  or  Com- 
pound. 

73.  Of  Simple  Straight  Levers  there  are  three  kinds, — 
the  distinction  depending  upon  the  relative  positions  of 
the  fulcrum,  the  power,  and  the  weight. 

74.  In  levers  of  the  first  class  the  fulcrum  is  between 
the  power  and  the  iveight.  Fig.  1. 

Of  this  kind  of  leve»,  we  may      r -£ 

mention  as  examples,  a  pair  of  /k                           jt, 

scissors,  pliers  or  pincers,  a  pump-  dfl.Y\\ 

liandle,thebeamofapairofscales,  ISr)                                       x»r 

acrowbarwlieuusedforpryiug,&c.  J\i[S 

75.  In  levers  of  the  second  class  the  weight  is  between 
thc/M^crwm  and  the^wiW7'.  p         Fig.  2. 

Kutcrakers,  an  oar  in  rowing,  a 
cowbar  when  used  in  lifting,  &c.,  are 
examples  of  levers  of  the  second  kind. 


i  ' 
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76,  In  levers  of  the  third  class  the  power  is  between 
i\\Q  fulcrum  and  the  weight. 

A  pair  of  common  toiic;s,  sheep- 
shears,  the  treadle  of  a  foot  lathe, 
a  door  when  opened  or  closed  by 
placing  the  hand  near  the  hinge, 
afford  examples  of  levers  of  the 
third  class. 

Note.— In  levers  of  the  first  class  F  '  ■  ■" 
the  power  may  be  either  greater  or 
less  than  the  weight ;  in  levers  of 
the  second  class,  the  power  is  al- 
ways less  than  the  weight ;  and  in 
levers  of  the  third  class,  the  power 
is  always  greater  than  the  weight. 
Hence  levers  of  the  third  class  are 

called  losing  levers,  and  are  used  merely  to  secure  extent  of  motion.    Most 
of  the  levers  in  the  animal  economy  are  levers  of  the  third  kind. 

77.  That  portion  of  the  lever  included  between  the  ful- 
crum and  the  weight  is  termed  the  arm  of  the  v^elght ; 
that  portion  between  the  fulcrum  and  the  power  is  termed 
the  arm  of  the  power. 

The  power  and  the  weight  in  the  lever  are  in  equilibrium  when 
the  power  is  to  t/ie  weight  as  the  arm  of  the  weight  is  to  the  arm 
of  the  power. 

Or  let  P  =  power,  W  =  the  weight,  A  =  the  arm  of  the  power, 
and  a  =  the  arm  of  tlie  weight, 


ThenV  :  W  ::  a  :  A. 

Wxa              PxA             PxW 
HenceV-      A       ^-      a        ^=      A 

and  A  = 

wxa 
~      P    ' 

Example  13. — The  power-arm  of  a  lever  is  11  feet  long,  the 
arm  of  the  weight  3  ft.  long,  the  weight  is  93  lbs  ,  Required  the 
power  ? 

SOLUTION. 

Here  77=93,  A  =  11  and  a  =3. 

„       TFXa      93X3       „,  ,    „       - 
Then  P=  — r—  =  -— -=  25-,'*,  lbs.  Ans. 
A  11  ^  '• 

Example  14. — The  power-arm  of  a  lever  is  17  feet  long,  the 
arm  of  the  weight  is  20  feet  long,  the  power  is  110  lbs.  What  is 
the  weight  ? 

SOLUTION. 

Here  P  =  110  lbs.,  A  =17  and  a  =  20. 
ThenTI-^^=il^^=93Jlbs.    Ms. 
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Example  15. — By  means  of  a  lever  a  power  of  4  oz.  is  made 
to  balance  a  weight  of  7  lbs.  Avour. ;  the  arm  of  the  weight  is  2i 
inches  long.     Required  the  arm  of  the  power. 

SOLUTION. 

Here  P  =  i  oz.,  W=  1  lbs.  =  112  oz.,  and  a  =  25. 

_,-        .       TFxa       112x2i      -„.     ,  . 

Then  A  =  — j,—  =  — : — -  =  70  inches.    Ans. 
ir  4 

EXERCISES. 

16.  The  power-arm  of  a  lever  is  16  feet  long,  the  arm  of  the 
weight  2  feet  long,  and  the  weight  is  250  lbs.  Required  the 
power?  Ans.Zlllhs. 

17.  The  power-arm  of  a  lever  is  20  feet  long,  the  arm  of  the 
weight  70  feet ;  what  power  will  balance  a  weight  of  5  cwt. 

Ans.  I7i  cwt. 

18.  The  power-arm  of  a  lever  is  60  inches  long,  the  arm  of  the 
weight  90  inches  long,  the  power  is  76  lbs.  Required  the 
weight?  Ans.  50§  lbs. 

19.  The  power-arm  of  a  lever  is  17  feet  long,  the  arm  of  the 
weight  19  ft.  ;  what  power  will  balance  a  weight  of  950  lbs  ? 

Ans.  1061-inbs. 

20.  The  power-arm  of  a  lever  is  12  ft.  long,  the  power  is  10  lbs. 
and  the  weight  75  lbs.  Required  the  length  of  the  arm  of 
the  weight.  Ans.  If  feet. 

21.  By  means  of  a  lever  a  power  of  12§  lbs.  is  made  to  balance 
a  weight  of  93  lbs.  :  the  arm  of  the  weight  being  6^  feet, 
what  is  the  length  of  the  arm  of  the  power?     Ans.  47f|^  ft. 


78.  When  the  power  and  the  weight  merely  balance 
each  other,  i.  e.,  when  no  motion  is  produced,  there  is  no 
difference  between  the  second  and  third  classes  of  levers 
since  neither  force  can  be  regarded  as  the  mover  or' the 
moved.  In  order  to  produce  motion,  one  of  these  forces 
must  prevail,  and  the  lever  then  belongs  to  the  second  or 
third  class,  according  as  the  force  Clearer  to  ot  farther  from 
the  fulcrum  prevails. 

79.  If  the  arms  of  the  lever  are  curved  or  bent,  their 
effective  lengths  must  be  ascertained  by  perpendiculars 
drawn  from  the  fulcrum  upon  the  lines  ot  direction  of  the 
pow^er  and  the  weight ;  the  same  rule  must  be  adopted 
when  the  lever  is  straight,  if  the  power  and  weight  do  not 
act  parallel  with  one  another. 


AiiTS.  80, 81.]  THE   LEVER.  25 

THE   COMPOUND  LEVER, 

80.  Two  or  more  simple  levers  acting  upon  one  another 
constitute  what  is  called  a  Compound  Lever  or  Com- 

Fig.  4, 


jpii 


position  of  Levers.  In  such  a  combination  the  ratio  of 
the  power  to  the  weight,  is  compounded  of  the  ratios 
existing  between  the  several  arms  of  the  compound  lever. 

81.  In  the  compound  lever  ifW=zweight,  P=poiver,  a  a'  a"  the 
arms  of  the  iveight,  and  A  A'  A"  the  arms  of  the  power.     Then        -       \ 

P  :  W  ::  a  X  a'  X  a"  :  A  X  A'  X  A"  \ 

Wxaxa'xa"  PxAxA'xA"  vk 

Hence  V=-j^^^^     andW=       ^^^.^^,  >^  ^^ 

Example  22. — In  a  combination  of  levers  the  arms  of  the  power  \"^  }^ 
are  6,  7,  and  11  feet,  the  arms  of  the  weight  2,  3,  and  3^  feet,  the  ^  j;  ,  "^ 
Aveight  is  803  lbs. ;  what  is  the  power  ?  v  ;    >< 


n4 

Here  TF  =  803  lbs.,  a  =  2,  a'  =  3.  a"  =  3i.  ^  =  6,  A'  =.  7,  A"  =11.       ^m  I      N 


SOLUTION.  \ 

. ^ ^__ Z  -^  Qfli  ll-ko       Jmm 

AXA'XA"  6X7X11 


WxaXa"Xa"       803X2X3X31 
Tbeu  P  =  —rrnKT^n-  =  -^:T^^'^r^  =  36i  lbs.  Ans. 


Example  23. — In  a  compound  lever  the  power  is  17  lbs.,  the 
arms  of  the  power  9,  7,  6,  5,  and  4  ft.,  and  the  arms  of  the  weight 
2,  3,  1,  1,  and  i  ft.     Required  the  weight. 


SOltTTION. 

Here  P  = 


P  z=  17  lbs.,  Az=9,  A'  =  7,  A"  =  6,  A'"  =  5,  A""=4:,a  =  2,  a'  =  3, 
a"  =  1,  a'"  =■  1,  and  a""  =  |. 

.  PxAxA'xA"XA"'xA""  __  17X9X7X6X5X4   _  12852t 

^^       "~      aXa'Xa"Xa"'Xa""       ~      2X3XlXlXi      —      2 
=  64230  lbs.      Ans. 

EXERCISES. 

24.  In  a  compound  lever  the  arms  of  the  power  are  9  and  17  ft. 
the  arms  of  the  weight  3  and  4  ft.,  the  power  is  19  lbs 
What  is  the  weight?  jins.  242i  lbs. 

o 
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25.  In  a  compound  lever  the  arms  of  the  power  are  6,  8,  10,  and 

12  ft.,  the  arms  of  the  weight,  T,  5,  3,  and  1  ft.,  the  weight 
is  700  lbs.     Eequired  the  power  ?  jl7is.  12|f. 

26.  In  a  compound  lever  the  arms  of  the  weight  are  11,  13,  and. 
9  ft.,  the  arms  of  the  power  are  4,  1,  and  2  ft.,  the  weight  is 
560  lbs.     What  is  the  power  ?  ^  ^«s.  12870  lbs. 


THE   WHEEL   AND   AXLE. 

82.  The  vvlieel  and  axle  consists  of  a  wheel  with  a 
cylindrical  axle  passing  through  its  pjg,  5, 

centre,  perpendicular  to  the  plane 
of  the  wheel.  The  power  is  applied 
to  the  circumference  of  the  wheel, 
and  the  weight  to  the  circumfer- 
ence of  the  axle. 


83.  The  wheel  and  axle  is  merely 
a  modification  ofthe  lever  with  un- 
equal arms ;  the  radius  of  the  wheel 
corresponding  to  the  arm  of  the 
power  and  the  radius  of  the  axle 
to  the  arm  of  the  weight. 

84.  The  wheel  and  axle  is  sometimes  called  the  con- 
tinual or  perpetual  lever,  because  the  power  acts  continu- 
ally on  the  weight. 

85.  The  power  and  weight  in  the  wheel  and  axle  are  in 
equilibrium  when  the  power  is  to  the  weight  as  the  radius 
of  the  axle  is  to  the  radius  of  the  loheel. 

86.  For  the  wheel  and  axle — let  'P=the  power,  W  =  the  weight, 
r  =  radius  of  the  axle,  R  =  radius  of  the  wheel. 

ThenY  :  W  ::  r  :  R. 

Wxr      ,^^       PXR  HxR  _      Wxr 

Hence  P  =  —^  ;   W  =  —^  ;   r  =  -^— ;   and  R=  -p-  . 

Example  27. — In  a  wheel  and  axle  the  radius  of  the  axle  is  7 
inches,  the  radius  of  the  wheel  is  35  inches,  what  power  will 
balance  a  weight  of  643  lbs.  ? 
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SOLUTION. 

Here  W:=  613  lbs.,  B=zS6  inches,  and  y  =  7  inches, 

„,         D        W^X»*       643X7 

Then   P  =  -^-  =  — ,r—  =128a.  Ans. 

Example  28. — In  a  wheel  and  axle  the  radius  of  the  axle  is  6 
inches,  the  radius  of  the  wheel  is  27  inches.  What  weight  will 
be  balanced  by  a  power  of  123  lbs.  ? 

SOLUTION. 

Here  P  =123  lbs,.  i2  =  27  in.,  and  r=6  in. 

m        Ttr—PX-K       123X27       ,,„,„ 

Then  Tr= =:  — - —  =  553i  lbs.  Ans. 

r  6 

Example  29. — By  means  of  a  wheel  and  axle  a  power  of  11  lbs. 
is  made  to  balance  a  weight  of  117  lbs.,  the  radius  of  the  axle  is 
3  inches.     Required  the  radius  of  the  wheel  ? 

SOLUTION. 

Here  )F=  719  lbs.,  P=:ll  lbs.,  and  r  =  S  in. 

Then  B  =  — ^j—  =  — r- —  =  196J_  inches,  Ans. 
r  "11  11 

EXERCISES. 

30,  In  a  wheel  and  axle  the  radius  of  the  axle  is  7  inches,  the 
radius  of  the  wheel  is  70  inches.  What  power  will  balance 
a  weight  of  917  lbs.  ?  Am.  91-iV  lbs. 

31,  In  the  wbeel  and  axle  the  radius  of  the  axle  is  5  inches,  and 
the  radius  of  the  wheel  17  inches.  What  power  will  balance 
a  weight  of  5^50  lbs.  ?  Jins.  1750  lbs, 

32,  In  a  wheel  and  axle  the  radius  of  the  axle  is  9  inches  and 
the  radius  of  the  wheel  is  37  inches.  What  power  will 
balance  a  weight  of  925  lbs.  ?  Ans.  225  lbs. 

33,  In  a  wheel  and  axle  the  radius  of  the  axle  is  11  inches  and 
the  radius  of  the  wheel  is  45  inches.  What  weight  will  a 
power  of  17  lbs.  balance  ?  Ans.  69, 'V  lbs. 

34,  By  means  of  a  wheel  and  axle  a  power  of  37  lbs.  balances  a 
weight  of  700  lbs.,  the  radius  of  the  axle  being  8  inches, 
what  is  the  radius  of  the  wheel  ?  Ans.  151^f  inches, 

35,  By  means  of  a  wheel  and  axle  a  power  of  22  lbs.  balances  a 
weight  of  870  lbs.  If  the  radius  of  the  wheel  be  67  inches 
what  will  be  the  radius  of  the  axle?  Ans.  Ifo^  inches. 
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Fig.  6. 


THE  DIFFERENTIAL   WHEEL   AND   AXLE. 

87.  In  the  differential  wheel  and  axle,  the  axle  consists 
of  two  parts,  one  thicker  than  the 
other ;  the  rope  by  means  of  which 
the  weight  is  raised,  winds  on  the 
thicker  part,  while  it  rolls  off  the 
thinner.  By  each  revolution  of  the 
wheel  the  rope  rolls  once  off  the 
thinner  portion  and  once  on  the 
thickerportion,  and  is  consequently 
shortened  only  by  the  differences 
between  the  circumferences  of  the 
axles;  and  the  distance  through 
which  the  weight  is  praised  is  equal 
to  haJf  the  shortening  of  the  rope. 
The  effect  is  therefore  the  same  as  if  an  axle  had  been 
used  with  a  radius  equal  to  half  the  difference  between  the 
radii  of  the  thicker  and  thinner  parts  of  the  differential 
axle. 

88.  For  the  differential  wheel  and  axle  let  d  =  the  difference 
between  the  radii  of  the  axles^  R  =  radius\of  the  wheel,  P  :=  the 
power,  and  W  =  the  weight. 


TJienT  :  W  ::  id  :  R. 


Whence  P  =  - 


Wxjd 
R     ' 


W  = 


PXR 

id  ' 


R  = 


Wxid 


and  d  =  - 


PxR 
iW  • 


Example  36. — In  a  differential  wheel  and  axle  the  radius  of 
the  larger  axle  is  4i  inches,  the  radius  of  the  smaller  axle  is  4^ 
inches,  the  radius  of  the  wheel  is  70  inches.  What  power  will 
balance  a  weight  of  1000  lbs.  ? 

SOLUTION. 

Here  d  =  difference  of  radii  =  ^ — 1 ,  =  -,1^,  W  =  1000  lbs.,  12  =  70  in. 
Then  P  =.  2:^=  lOOOX-gV^^F  =  \U^  =  /,  lbs.  Ans. 

Example  37. — In  a  diflerential  wheel  and  axle  the  radii  of  the 
axles  are  2\  and  2 ^^  inches,  the  radius  of  the  wheel  is  100  inches. 
What  power  will  balance  a  weight  of  7234  lbs.  ? 
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SOLUTION. 

Here  d  =  j— 2%  =  ^^  in,    iZ  =  lOO,  and  W  =  7234. 
Then  P  =  ?^  =  725i^  =  lUH  lbs,  ^ns. 

K  100 

Example  38. — In  a  differential  wheel  and  axle  the  radii  of  the 
axles  are  Sj  and  3^\  inches,  the  radius  of  the  wheel  is  86  inches. 
What  weight  will  a  power  of  17  lbs.  balance  ? 

SOLUTION, 

Here  d  =  \ — -2^  =  ^-i-^  of  an  inch,  JB  =  86  inches,  and  P  =  17  lbs, 

^,        _      PX-E      17X86      1462       ,„„.„,,,        . 
Then  W  —-tt-  ==  — i —       — ;—  ==  407664  lbs.  Ans. 


Example  39. — In  a  differential  wheel  and  axle  the  radius  of 
the  wheel  is  32  inches,  and  a  power  of  5  lbs.  balances  a  weight 
of  729.     What  is  the  difference  between  the  radii  of  the  axles  ? 

SOLUTION. 

Here  W=  729  lbs,,  P  =  5  lbs.,  and  22  =  32  inches. 

_,,        ,      Px22        5X32        160       ,    „    »       ■     X,    A 

Then  d  —  -p==-  =  .    -^  -  = =  ^50  of  an  inch.  Ans. 

hW       J  of  729      x%si.      '25^ 

EXERCISES. 

40.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are 

7^  and  7f ;-  inches,  and  the  radius  of  the  wheel  is  85  inches, 
what  power  will  balance  a  weight  of  6900  lbs.  ? 

Ans.  f?-?-  lbs. 

41.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are 
17  and  16  inches,  and  the  radius  of  the  wheel  is  130  inches, 
what  weight  will  a  power  of  17  lbs.  balance  ? 

Ans.  4420  lbs. 

42.  In  a  differential  wheel  and  axle,  the  radii  of  the  axles  are 
2^  and  2f  inches,  and  a  power  of  23^  oz.  balances  a  weight 
of  6400  oz.     Required  the  radius  of  the  wheel  ? 

Ans.  6f|4  inches, 

43.  In  a  differential  wheel  and  axle,  the  radii  of  the  axles  are 
4I-  and  5  inches,  the  radius  of  the  wheel  being  120  inches, 
what  power  will  balance  a  weight  of  2430  oz.  ? 

Ans.  8-iV  oz. 

44.  In  a  differential  wheel  and  axle,  the  radii  of  the  axles  are 

If  and  1|   feet,  the   radius  of  the  wheel  is  12f   feet,  what 
weight  will  a  power  of  1760  lbs.  balance.     Ans.  146880  lbs. 


89,  Since  tlae  wheel  and  axle  is  merely  a  modification 
of  the  lever,  a  system  of  wheels  and  axles  is  simply  a 
modification  of  the  compound  lever,  and  the  conditions  of 
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equilibrium  are  the  same,  i.  e.,  the  ratio  of  the  power  to  the 
weight  is  compounded  of  the  ratios  of  the  radii  of  the  axles 
to  the  radii  of  the  wheels.  In  toothed  gear,  however, 
owing  to  the  difficulty  in  determining  the  ett'ective  radii  of 
wheel  and  axle,  the  ratio  of  the  power  to  the  weight  is 
determined  by  the  number  of  teeth  and  leaves  upon  the 
wheel  and  pinion. 

90,  Axles  are  made  to  act  on  wheels  by  various  methods 
— as  by  the  mere  friction  of  their  surfaces,  by  straps  or 
endless  bands,  &c.  ;  but  the  most  common  method  of 
transmitting  motion  through  a  train  of  wheelwork  is  by 
means  of  teeth  or  cogs  raised  upon  the  circumferences  of 
the  wheels  and  axles. 

91.  When  cogged  wheels  and  axles  are  employed,  that 
part  of  the  axle  bearing 

the  cogs  is  called  ajnn-  *^'    ' 

ion.     The    cogs    raised 

upon    the    pinion    are 

called  leaves,  those  upon 

the  wheel  are   termed 

teeth. 


92.  Wheel  work  may 
be  used  either  to  con- 
centrate or  diffuse  power. 
The  power  is  concen- 
trated when  the  pinions 
turn  the  wheels,  as  is  the 
case  in  the  crane,  which 

is  used  to  gain  power.  The  power  is  diffused  when  the 
wheels  turn  the  pinions,  as  is  the  case  in  the  fanning  mill, 
threshing  machine,  &c.,  where  extent  of  motion  is  sought. 

93.  In  a  system  of  toothed  wheels  and  pinions,  the  conditions  of 
equilibrium  are  that, — the  power  is  to  the  weight  as  the  continued 
product  of  all  the  leaves  is  to  the  continued  product  of  all  the  teeth. 

94,  For  a  train  of  wheel  work  let  P  =  the  power,  W  =  the 
tveisht.  1 1'  t"  =.  the  teeth  of  the  wheel,  and  1 1'  \"  —  the  leaves  of 
the  pinion. 
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Then  P  :  W  ::  1  X  1'  X  1"  :  t  X  t'  X  t". 

^     Wxixi'xi"        ,„^     Pxtxt'xt" 

'  Example  45. — The  number  of  teeth  in  each  of  three  success- 
ive wheels  is  80  and  the  number  of  leaves  in  each  of  the  pinions 
is  5.  With  this  machine  what  weight  will  be  supported  by  a 
power  of  17  lbs.? 

SOLUTION. 

Here  P  =  17,  <  =  80,  t'  =■  80,  t"  =  80, 1  =  5,  ?'  =  5  and  V  =  5. 

„,       „^    Vy,tY.Vy.i"       17X80X80X80       8704000      „„„„„,,        - 
Then  TF=— ^^-^^,= ^5^^^-=  -11^=69632  lbs.  Ans. 

ExAirpLE  4G. — In  a  train  of  Avheel  work  there  are  four  wheels 
and  four  axles,  the  first  wheel  and  the  fourth  axle  plain,  (i.  e. 
without  cogs),  and  having  radii  respectively  of  10  and  2  feet. 
The  second  wheel  has  60,  the  third  90  and  the  fourth  10  teeth,  the 
first  asle  has  7,  the  second  5  and  the  third  9  leaves.  What 
power  will  hold  in  equilibrium  a  weight  of  20000  lbs.? 

SOLUTION. 

Hiire  we  have  a  combination  of  the  simjjle  wheel  and  axle  and  a  system 

of  cogged  wheels  and  axles. 

IF=:2000O  lbs.  iB=10,  r=2,  i'=60,  i;'=90,  i"=70, 1=1,  1'=d  and  ?"=9. 

m,  J     1      1         1      1  *-        1         -n       20000X7X5X9    _   ..^ 

Then  cogged  wheels  and  axles  actmg  alone  P= —  —  =  16| 

lbs,,  and  so  far  as  the  action  of  the  plain  wheel  and  axles  is  concerned  this 
lef  lbs.,  becomes  the  weight. 

Example  47. — In  a  train  of  wheel  work  there  are  three  wheels 
and  axles,  the  first  wheel  and  the  last  axle  plain,  and  having 
a  radius  of  9  and  3  feet  respectively — the  cogged  wheels  have 
respectively  80  and  110  teeth,  and  the  pinions  11  and  8  leaves. 
What  weight  will  a  power  of  100  lbs.  sustain  ? 

SOLUTION. 

Here  P=100  lbs.,  2?=9,  r=3,  i=SO,  t'=110,  ^=11  and  ^'=8. 

PXtXt'     100X80X110 


Then  for  cogged  wheel  work  acting  alone  TF= 
-=:  10000  lbs. 


lY.I  11X8 

880000 


.^       ,  .       ,      ,       ,      ,      ,         rrr       ?  >^  -^     10000  X  9  90000 

For  plain  wheel  and  axle  alone  Tr=: = —z — = z — 

r  3  3 

30000  lbs.  Alts. 


32  WHEEL   WORK.  [AeIS.  95-^8. 

EXERCISES. 

48.  In  a  system  of  wheel  work  there  are  five  wheels  and  pinions ; 
the  wheels  have  respectively  100,  90,  80,  70  and  60  teeth, 
and  the  pinions  respectively  9,  Y,  11,  9  and  '7  leaves — with 
such  an  appliance,  what  weight  would  be  sustained  by  a 
power  of  11  lbs.  ?  jlns.  5333333i  lbs, 

49.  In  a  train  of  four  wheels  and  axles  the  wheels  have  respec- 
tively 70,  65,  60  and  50  teeth,  and  the  axles  respectively  9, 
8,  7  and  6  leaves  ;  with  such  an  instrument,  what  power 
could  support  a  weight  of  13000  lbs.  ?  ^ns.  2-if  lbs. 

50.  In  a  train  of  wheel  work  there  are  three  wheels  and  three, 
axles,  the  first  wheel  and  last  axle  plain,  and  having  radii 
respectively  6  and  2  feet.  The  second  and  third  wheels 
have  respectively  80  and  50  teeth,  and  the  first  and  second 
pinions  respectively  5  and  8  leaves.  With  such  a  machine 
what  weight  will  be  balanced  by  a  power  of  11  lbs.? 

^7is.  33000. 


95.  In  ordinary  wheel  work  it  is  usual,  in  any  wheel 
and  pinion  that  act  on  each  other,  to  use  numbers  of  teeth 
that  are  prime  to  each  other  so  that  each  tooth  of  the 
pinion  may  encounter  every  tooth  of  the  wheel  in  succes- 
sion that  thus,  if  any  irregularities  exist,  they  may  tend  to 
diminish  one  another  by  constant  wear.  This  odd  tooth 
in  the  wheel  is  termed  the  hunting  cog. 

Thus  if  a  pinion  contain  10  leaves  and  the  wheel  101  teeth,  it  is  evident 
that  the  wheel  must  turn  round  101  times  and  the  pinion  10  X  101  or  1010 
times  before  the  some  leaves  and  the  teeth  will  be  again  engaged. 

96.  Wheels  are  divided  into  croion,  spur  and  bevelled 
gear. 

97.  The  crown  wheel  has  its  teeth  perpendicular  to  its 
plane ;  the  sjour  wheel  has  its  teeth,  which  are  continua- 
tions of  its  radii  placed  on  its  rim  ;  the  bevelled  it7iee?has 
its  teeth  obliquely  placed,  i.  e.  raised  on  a  surface  inclined 
at  any  angle  to  the  plane  of  the  wheel. 

98.  To  communicate  motion  round  parallel  axes  spur- 
gear  is  employed,  bevelled  gear  is  used  when  the 
axes  of  motion  are  inclined  to  one  another  at  any  proposed 
angle.  Where  the  axes  are  at  right  angles  to  one  another 
a  crown  wheel  working  in  a  spur  pinion  or  a  crown  pinion 
working  in  a  spur  wheel  is  usually  employed. 
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99.  Bevelled  wheels  are  always  frusta  of  cones  channel- 
led from  their  apices  to  their  bases. 

Note.— When  bevelled  wheels  of  different  diameters  are  to  work  together 
the  sections  of  the  cones  of  which  they  are  to  be  frusta  are  found  in  the 
following  manner: —  -r,-       q 

Let  ABbe  the  dia-  ■*■  's-  °- 

meter  of  the  large 
wheel  and  B  C  that 
of  the  smaller.  Place 
A  B  and  B  C  so  as 
to  include  the  pro- 
posed angle.  Bisect 
A  B  in  D  and  B  C  in 
E.  Draw  perpen- 
diculars D  F,  E  F 
meeting  in  F  and 
join  FA,  FB  and  FC. 
Then  FAB  and  FBC 
are  sections  of  the 
required  cones.  Also 
drawing  H  G  paral-  ^ 
lei  to  A  B  and  G  P  A 
parallel  to  B  C,  we 
obtain  H  A  B  G,  and  G  B  C  P  any  required  frusta. 


THEPULLEY. 

100.  The  Pulley  is  a  circular  disc  of  wood  or  iron, 
grooved  on  the  edge  and  made  to  turn  on  its  axis  by  means 
of  a  cord  or  rope  passing  over  it. 

101.  The  pulley  is  merely  a  modification  of  the  lever 
with  equal  arms,  and  hence  no  mechanical  advantage  is 
gained  by  using  it — the  theory  of  its  use  being  just  as 
perfect  if  the  cord  be  passed  through  rings  or  over  perfectly 
smooth  surfaces.  The  real  advantage  of  the  pulley  and 
cord  as  a  mechanical  power  is  due  to  the  equal  tension 
of  every  part  of  the  cord,  i.  e.,  is  founded  upon  the  fact 
that  the  same  flexible  cord,  free  to  run  over  pulleys  or 
through  smooth  rings  in  every  direction  must  always  un- 
dergo the  same  amount  of  tension  in  every  part  of  its 
length. 

102.  The  pulley  is  called  either  fixed  or  movable  ac- 
cording as  its  axis  is  fixed  or  moveable. 

103.  Movable  pulleys  are  used  either  singly,  in  which 
case  they  are  called  runners,  or  in  combination.  Systems 
of  pulleys  are  worked  either  by  one  cord  or  by  several 
cords.  Pulleys  worked  by  more  than  one  cord  are  called 
Spanish  Bartons. 
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104.  The  pulley  is  often  called  a  sheaf,  and  the  case 
in  which  it  turns  a  block.  A  block  may  contain  many 
sheaves.  A  combination  of  ropes,  blocks  and  sheaves  is 
called  a  tackle. 

105.  In  the  single  fixed  pulley  the  power  must  be  equal 
to  the  vreight,  i.  e.,  a  fixed  pulley  does  not  concentrate 
force  at  all.  And  hence  the  only  mechanical  advantage 
derived  from  its  use  is,  that  it  changes  the  direction  of  the 
power. 

Fig.  9. 

106.  In  a  Si/stem  of  pulley  moved  hy 

one  cord  the  conditions  of  equilibrium  are 
that  the  power  is  to  the  weight  as  1  is  to 
twice  the  number  of  movable  pulleys. 

This  is  evident  from  tlie  fact  that  the  weight  is 
sustained  equally  by  every  part  of  the  cord,  and, 
neglecting  the  last  fold  or  that  to  which  the  power  is 
attached,  there  are  two-folds  of  cord  for  everj'  mov- 
able pulley.  Tlius  in  Fig.  9  the  weight  is  sustained 
by  A  and  B,  each  bearing  ^  of  it ;  and  since  B  passes 
over  a  fixed  pulley,  the  power  attached  to  C  must 
be  equal  to  the  tension  exerted  on  B  =  i  the 
weight. 

107.  For  a  system  of  pzdleys  moved  by  one 
cord  let  P  =:  the  power,  W  =  the  weight  and 
n  :=  the  number  of  movable  pulleys. 


Then  P  :  W 


Hence  P  =z 


2n' 


W  =  P  X  2n, 


W 
2P- 


Example  5L — In  a  system  of  pulleys  worked  by  a  single  cord 
there  are  4  movable  pulleys.  What  power  will  support  a 
weight  of  804  lbs.  ? 


Here  TF=:  804  and  w  =:  4, 
W         804 


Hence  ^=1- —  =-     , 
2Xn       2X4 


=  — -  =100jlbs.  Ans. 


Example  52. — In  a  system  of  T  movable  pulleys  worked  by  a 
s  ingle  cord,  what  weight  will  be  supported  by  a  power  of  1 71  bs.? 


Here  P  =  17  and  «  =  7. 

Hence  7r=  P  x  2  X  »  =  17  X  2  X  7  =  17  X  14  =  238  lbs.    Ana 
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Example  53. — In  a  system  of  movable  pulleys  worked  by  a 
single  cord  a  power  of  7  lbs.  balance  a  weight  of  84  lbs.  ;  how 
many  movable  pulleys  are  there  in  the  combination  ? 

SoLrTioN. 
Here  P=7  lbs.  and  JF=84  lbs. 

„  TF         84        84      ^      . 

Hence  n  =  ■ — =  =  - — -  :=  —  =6.    A  ns. 


'axP      2X7 


14 


54 


55 


56 


10. 


EXERCISES. 
In  a  system  of  six  movable  pulleys  worked  by  one  cord 
the  weight  is  700  lbs.     What  is  the  power  ?      j^ns.  58,^  lbs. 
In  a   system   of   eleven    movable  pulleys  worked  by  one 
cord  the  weight  is  2563  lbs.     Required  the  power  ? 

Jtns.  1161  lbs. 
In  a  system  of  7  movable  pulleys  worked  by  one  cord, 
the  power  is  37  lbs.     Required  the  weight?     Jns.  592  lbs; 

57.  In  a  system  of  eight  movable  pulleys  worked  l)y  a  single 
cord,  the  power  is  13  lbs  ;  what  is  the  weight  ?  ^ns.  182  lbs. 

58.  In  a  system  of  movable  pul- 
leys worked  by  a  single  cord, 
a  power  of  35  lbs.  supports  a 
weight  of  7000  lbs.  How 
many  movable  pulleys  arc 
there  in  the  combination  ? 

./171S.  100. 

108.  In  system  of  pulleys 
sucb  as  represented  in  Fig.  10, 
where  each  movable  pulley 
hangs  by  a  separate  cord,  one 
extremity  of  each  cord  being- 
attached  to  a  movable  pulley 
and  the  other  to  a  hook  in  a 
beam  or  other  fixed  support, 
each  pulley  doubles  the  effect, 
and  the  conditions  of  equi- 
librium are  that  the  2wxoer  is  to 
the  loeiglit  as  1  is  to  2  raised  to 
thepower  indicated  hy  the  niim- 
her  of  movable  pullei/s. 

Note. — This  will  become  evident  by 
attentively  examining  tlie  diagram  and 
following  up  the  several  cords.  The 
figures  at  the  top  show  the  portion  of 
weight  borne  by  the  several  parts  of  the 
beam,  those  attached  to  the  cords  show 
the  portion  of  the  weight  sustained  by 
each  part  of  the  cord. 


IG  Ih?. 


36 


THE   PULLEY. 


[A£T8. 109, 110. 


109.  For  a  sy  stem  of  pulleys  such  as  exemplified  in  Fig.  10  let 
P  :=  the  power,  W  =  the  weighl,  and  n  =  the  number  of  movable 
pulleys. 

W 

Then  P  :  W  : :  1  :  2°.     Hence  P  =  —  and  W  s=  P  x  2". 

Example  59. — In  a  system  of  pulleys  of  the  form  indicated  in 
Fig.  10,  there  are  5  moveable  pulleys  and  a  weight  of  128  lbs. 
What  is  the  power  ? 

SOLUTION. 
Here  Tr=128  lbs.  and  n  =  5. 


W 


Then  P  =  —  =  i^  = 


128 


=  ilhs,Ans. 


128 
2n  —  25    ~    32 

Example  60. — In  such  a  system  of  pulleys  as  is  shewn  Fig.  10 
there  are  7  movable  pulleys.  What  weight  will  a  power  of  11 
lbs.  balance  ? 

solution. 
Here  P=lland  «=:7. 
Hence  W=  P  X  2°  =  H  X  2'  =  11  X  128  =:  1408  lbs.  Ans. 

EXERCISES. 

61.  In  the  system  of  pulleys  represented  in  Fig.  10,  where  there 
are  6  movable  pulleys  ;  what  power  will  sustain  a  weight 
of  8000  lbs.?  Ans.  125  lbs. 

62.  In  such  a  system  when  there  are  10 
movable  pulleys,  what  power  will 
sustain  a  weight  of  48000  lbs.  ? 

jins.  46|  lbs. 

63.  In  such  a  system  when  there  are  7 
movable  pulleys,  what  power  will 
support  a  weight  of  45G4  lbs.  ? 

jlns.  35|^  lbs. 

64.  In  such  a  system  when  there  are  3 
movable  pulleys,  what  weight  will 
be  sustained  by  a  power  of  1 7  lbs.  ? 

Jns.  136  lbs. 

65.  In  such  a  system  what  weight  will  a 
power  of  70  lbs.  support  when  there 
are  5  movable  pulleys  ? 

Ans.  2240  lbs. 

66.  In  such  a  system  what  weight'will 
a  power  of  100  lbs.  support  when 
there  are  1 1  movable  pulleys  ? 

Jlns.  204800  lbs. 

110.  In  a  system  of  pulleys  such 
as  represented  in  Fig.  11,  where  the 
cord  passes  over  a  fixed  pulley  at- 
tached to  the  beam  instead  of  being 


27  lbs 
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fastened  to  a  hook  in  the  beam,  each  movable  pulley 
triples  the  eftect,  and  the  conditions  of  equilibrium  are  that 
the  power  is  to  the  loeight  as  1  to  S  raised  by  the  power 
indicated  by  the  number  of  movable  pulleys. 

Tliis  will  appear  plain  by  a  reference  to  the  accompanying  diagram, 
where  the  numbers  represent  the  same  as  in  Art.  108. 

111.  In  a  system  such  as  is  represented  in  Fig.  11,  let  P  =: 
power.  W  =:  the  weight,  and  n  =  the  number  of  movable  pulleys. 

ThenV  :  W  ::  1  :  3». 

W 
Hence  P  =  ^  and  W  =  P  X  3". 

Example  67. — In  the  system  of  pulleys  represented  in  Fig.  11, 
what  power  will  balance  a  weight  of  4500  when  there  are  4 
movable  pulleys  ? 

SOLUTION. 

Here  JF=-4500  and  «=:4i. 

^,         „       TT     4500       4500  .  ,,  . 

Then  P=-=— =— z=  55^ lbs.    Ans. 

Example  68. — In  such  a  system  when  there  are  6  movable 
pulleys,  what  weight  will  a  power  of  10  lbs.  support? 

SOLUTION. 
Here  P  =:  10,  and  «=:6. 
Then  1V:=  P  X  8°  =  10  X  36  X  10  =  729  =  7290  lbs.  Ans. 

EXERCISES. 

69.  In  the  system  of  pulley  represented  in  figure  11  there  are  5 
movable  pulleys  jwhat  weight  may  be  supported  by  a  power 
of  11  lbs.  ?  ^ns.  2430  lbs. 

70.  In  such  a  system  there  are  7  movable  pulleys  and  the 
weight  is  24057  lbs.     Required  the  power  ?        jins.  11  lbs. 

71.  In  such   a  system  are  all  9 

movable  pulleys  —  through  Fig.  12. 

how  many  feet  will  the 
power  descend  in  order  to 
raise  the  weight  10  feet  ? 

Jlns.  196830  feet. 

112.  If  the  lines  of  direc- 
tion of  the  power  and  weight 
make  with  one  [another  an 
angle  greater  than  120°,  the 
power  will  require  to  be  great- 
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er  than  the  weight;  and  as  this  angle  approaches  180°, 
the  diflference  between  the  power  and  weight  will  ap- 
proach oc  .  Hence  it  is  impossible  for  any  power  P, 
however  great,  applied  at  F,  to  pull  the  cord  ABC 
mathematically  straight,  and  that  however  small  the 
weight  W  may  be. 


INCLINED   PLANE. 

113.  The  Inclined  Plane  is  regarded  in  mechanical 
science  as  a  jm-fecthj  hard,  smooth,  inflexible  plane,  in- 
clined obliquely  to  the  weight  or  resistance. 

114.  There  are  two  ways  of  indicating  the  degree  of 
inclination  of  the  inclined  plane  : 

1st.  By  saying  it  rises  so  many  feet,  inches,  &c.,  in  a 
certain  distance. 

2nd.  By  describing  it  as  rising  at  some  stated  angle 
with  the  horizon. 

115.  In  the  inclined  plane  the  power  may  be  applied  in 
any  one  of  three  directions  : 

1st.   Parallel  to  the  plane. 

2nd.  Parallel  to  the  base. 

3rd.  Inclined  at  any  angle  to  the  base. 

116.  In  the  inclined  plane  the  conditions  of  equilibrium 
are  as  follows : — 

\st.  If  the  power  act  parallel  to  the  plane: — the  power 
is  to  the  loeight  as  the  height  of  the  plane  is  to  its  length. 

2nd.  If  the  power  act  parallel  to  the  base: — the  power 
is  to  the  weight  as  the  height  of  the  plane  is  to  its  base. 

Note. — The  third  case  does  not  come  within  the  design  of  the  present 
work. 

117.  For  the  inclined  plane  let  P  =  the  power,  W  =:  the  weight, 
L  =  length  of  the  'plane,  H  =:  height  of  the  plane  and  B  =  base  of 
the  plane. 
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Then  P  :  W  ::  H  :  L. 

WxH  PxL  PxL  WxH 

Hence  P  =    — , —  ;      W  :=.  —^ —  H  :=  "^j  '  ^"^f'  L  =  — p—  . 

Also  P  :  W  ::  H  :  B. 

WxH  PxB  PXI3  WxH 

Hence  P  =:  — p—  ;    W  =  —^  11  =    ^     and  B  =  — p — . 

Example  72. — On  au  incliued  plane  rising  7  feet  in  200,  wliat 
power  acting  parallel  with  the  plane  will  sustain  a  weight  of 
4000  lbs.  ? 


Here  JF=4000  lbs.,  L  =  200.  and  //=  7. 

„,        _       WxH     4000X7      28000      ,.„,,, 

Then  P=-^  =-2^  =  loo-  =  ^"'^  ^^''  ^'''- 

Example  73. — On  an  inclined  plane  rising  9  feet  in  170 — what 
weight  will  support  a  power  of  180  lbs.  acting  parallel  to  tho 
plane  ? 


Here  P  =  180  lbs.,  i  =  170  and  11=9. 

Then  TF=  ^  =  '^^  =zm  lbs.  Ans. 

Example  74. — On  an  inclined  plane  a  power  of  11  lbs.  acting 
parallel  to  the  plane  supports  a  weight  of  150  lbs. — how  much 
does  the  plane  rise  in  200  feet? 

SOLUTION. 

Xierc  P  =  ll  lbs.,  Tr=150  lbs.,  i  =  200  feet. 

„     Pxi      11X200    -,,„,„.     ,  , 

Then  H  —  —:^;^  =     ..^^     =lli  feet  8  inches.  Ans. 
yy  150 

Example  75. — The  base  of  an  inclined  plane  is  40  feet  and  the 
height  3  feet, — what  power  acting  parallel  to  the  base  will  sup- 
port a  weight  of  250  lbs.  ? 

SOLUTION. 

Here  W=  250  lbs.,  2^=  3,  and  JS  =  40. 

„       WAR      250X3      „,  ,,  .   „ 

Then  P  =  — ^—  =  — --—  =  9i  lbs.    Aas. 

Example  76. — On  an  inclined  plane  a  power  of  9  lbs.  acting 
parallel  to  the  base  supports  a  weight  of  700  lbs. — the  height  of 
the  plane  being  18  feet  what  is  the  length  of  tho  base  ? 
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SOLUTION. 
Here  P  =  9  lbs.  W=  700  lbs.  and  fi"=l8  feet. 
Then  JS  =  ^='-«5|<i8  =1400  feet.     ^^^^^ 

EXERCICES. 

77.  On  an  inclined  plane  rising  1  foot  in  35  feet  what  power 
acting  parallel  to  the  plane  will  support  a  weight  of  17500 
lbs.  ?  jins.  500  lbs. 

78.  On  an  inclined  plane  rising  9  feet  in  100  feet  what  power 
acting  parallel  to  the  plane  will  sustain  a  weight  of  4237  lbs.? 

Ans.  38lT^(jlbs. 

79.  On  an  inclined  plane  whose  height  is  11  feet  and  base  900 
feet  what  power  acting  parallel  to  the  base  will  sustain  a 
weight  of  27900  lbs.  ?  Jns.  341  lbs. 

80.  On  an  inclined  plane  rising  7  feet  in  91  feet  what  weight 
will  be  supported  by  a  power  of  1300  lbs.  acting  parallel 
with  the  plane?  Jas.  16900  lbs. 

81.  On  an  inclined  plane  a  power  of  2  lbs.  acting  parallel  to  the 
plane,  sustains  a  weight  of  10  lbs. — what  is  the  inclination 
of  the  plane?  Ans.  Plane  rises  1  foot  in  5  feet. 

82.  On  an  inclined  plane  a  power  of  7  lbs.  actiiig  parallel  to  the 
base  sustains  a  weight  of  147  lbs. — if  the  base  of  the  plane 
be  ]  7  feet  what  will  its  height  be  ?  jlns.  ^}  feet. 

83.  On  an  inclined  plane  rising  2  feet  in  109  feet  what  weight 
will  be  sustained  by  a  power  of  17  lbs.  acting  parallel  to  the 
plane?  jlns.  926^  lbs. 

84.  On  an  inclined  plane  a  power  of  4^  lbs.  sustains  a  weight 
of  223^*1  lbs.  ;  the  power  acting  parallel  to  the  plane  what 
is  the  degree  of  inclination  ? 

Ans.  Plane  rises  341  feet  in  17199  feet. 

85.  What  weight  will  be  supported  by  a  power  of  60  lbs.  acting 
parallel  to  the  base  of  an  inclined  plane  whose  height  is  7 
feet  and  base  15  feet.  /O  ^  '^  '^"^"  ^^^^  ^^^* 

THE   WEDGE. 

118.  The  wedge  is  merely  a  movable  inclined  plane  or  a 
double  inclined  plane,  i.  e.  two  inclined  planes  joined  to- 
gether by  their  bases. 

119.  The  wedge  is  worked   either  by  pressure  or  by 

2)ercussion. 

Note.— "When  the  wedge  is  worked  by  percussion,  the  relation  between 
the  power  and  weight  cannot  be  ascertained  since  the  force  of  percussion 
differs  so  completely  from  continued  forces  as  to  admit  of  no  comparison 
with  them. 
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120.  In  the  wedge  the  conditions  of  equilibrium  are 
that  the  power  is  to  the  xoeight  as  half  the  width  of  the 
hack  of  the  wedge  is  to  its  length. 

Note  l.— Unlike  all  the  other  mechanical  powers,  the  practical  use  of  the 
wedKC  depends  on  friction,  as,  were  it  not  prevented  by  friction,  the  wedge 
would  recoil  at  every  stroke. 

Note  2.— Razors,  knives,  scissors,  chisels,  awls,  pins,  needles,  &c.,  arc 
examples  of  the  application  of  the  wedge  to  practical  purposes. 

121.  For  the  wedge,  let  P  :=power  or  pressure,  W=the  weight, 
L  =  the  length  of  the  wedge,  and  B  =  the  width  of  the  back. 

WxiB  PxL 

Then  P:W::i  B:L.     Hence  P  =  — j^  and  W=  ^-g- . 

Example  86.  The  length  of  a  wedge  is  24  inches,  and  its 
thickness  at  the  back  3  inches,  what  weight  would  be  raised  by 
a  pressure  of  750  lbs.  ? 

80LUTI0IT. 

Hero  P  =  750 lbs., i  =  24 inches, and i£~li inches. 
Then  W  -  ^^  =  750X24  _  ^^^  x  16  =  12000  lbs.  Ans. 

Example  87.  In  a  wedge,  the  length  is  17  inches,  thickness  of 
back  2  inches,  and  the  weight  to  be  raised  is  11000  lbs.  Re- 
quired the  pressure  to  be  applied  ? 

SOLUTION. 

Here  W—  11000,  i  =  17  inches,  and  iB  =  \  inch. 

„      WxiB      11000X1       ^^„  ,   ,,        . 
Then  P  —  ■--.     ■  =  — — —  =  647^1^ lbs.   Ans. 

EXERCISES. 

88.  Tlie  length  of  a  wedge  is  30  inches  and  the  thickness  of 
its  back  1  inch,  what  weight  will  be  raised  by  a  pressure  of 
97  lbs.  Jns.  5820  lbs, 

89.  The  length  of  a  wedge  is  19  inches  and  the  thickness  of  its 
back  4  inches,  what  pressure  will  be  required  to  raise  a 
weight  of  864  lbs.  ?  Jns.  90  j-f  lbs, 

90.  The  length  of  a  wedge  is  23  inches  and  the  thickness  of  its 
back  3  inches — with  this  instrument  what  pressure  would 
be  required  to  raise  a  weight  of  1771  lbs.  ?      jlns.  115^  lbs. 


THE  SCREW, 

122.  The  screw  is  a  modification  of  the  incliued  plane 
and  may  be  regarded  as  being  formed  of  an  inclined  plane 
wound  round  a  cylinder. 

Note. — The  screw  bears  the  same  relation  to  an  ovdinai'y  inclined  plane 
that  a  circular  staircase  does  to  a  straight  one, 
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123.  The  threads  of  the  screw  are  either  triangular  or 
square.  The  d  stance  of  a  thread  and  a  space  when  the 
thread  is  square,  or  the  distance  between  two  contiguous 
triangular  threads,  is  called  the  pitch. 

124.  The  screw  is  commonly  worked  by  pressure  against 
the  threads  of  an  external  screw,  called  tbe  box  or  nut. 
The  power  is  applied  either  to  turn  the  screw  while  the 
nut  is  fixed,  or  to  turn  the  nut  while  the  screw  is  kept 
immovable. 

125.  In  practice,  the  screw  is 
seldom  used  as  a  simple  mechani- 
cal power,  being  nearly  always 
combined  with  some  one  of  the 
others — usually  the  lever. 

126.  The  conditions  of  equili- 
brium between  tbe  power  and  the 
weight  in  the  screw  are  the  same  as 
for  the  inclined  plane,  where  the 
power  acts  parallel  to  the  base,  i.e. 

The  power  is  to  the  weight  as  the  pitch  (i.  e.  height)  is 
to  the  circumference  of  the  base  (i.  e.  length  of  the  plane). 

"When  the  screw  is  worked  by  means  of  a  lever,  the  con- 
ditions of  equilibrium  are  : — 

The  power  is  to  the  weight  as  the  pitch  is  to  the  circum- 
ference of  the  circle  described  by  the  power. 

127.  The  efficiency  of  the  screw  as  a  mechanical  power 
may  be  increased  by  two  methods  : 

1st.  By  diminishing  the  pitch. 

2nd.  By  increasing  the  length  of  the  lever. 

128.  F&r  the  screw,  let  P  =  the  power,  W  =  the  weight,  p  = 
the  pitch,  and  I  =  length  of  the  lever. 

Then  since  the  lever  formt  the  radius  of  the  circle  described  by 
the  power,  and  the  circumference  of  a  circle  is  3-1416  times  the 
diameter  J  and  the  diameter  is  twice  the  radius,  P:W::p :  1x2  X 
3-1416. 

„  „  Wy.p  ,,,       i'X/X2X3-141C  ,  PX2X2X3-1416 

Note.— The  pitch  and  the  length  of  the  lever  must  be  both  expressed  iii 
>miti  of  the  8ai»«  denominations,  i.  e.  both  feet,  or  both  inches. 
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Example  91.  What  power  will  sustain  a  weight  of  tOOOO  lbs. 
by  means  of  a  screw  having  a  pitch  of  T^^th  of  an  inch,  and  the 
lever  to  which  the  power  is  attached  8  ft.  4  in.  in  length  ? 

SOLUTION. 

Here  TV—  70000  lbs.,  p  =  -^^-f  in.,  and  i  =  8  ft.  4  in.  =  100  in. 

WxP    _    70000 X A-    _  5000 _S000OO _^ 
^^''^        «X2X31416"~100X2X3-H16~628-32~  62832 ""  ''^^  ^^^-  "*'**• 

Example  92. — What  weight  will  be  sustained  by  a  power  of 
5  lbs.  by  means  of  a  screw  having  a  pitch  of -^-^jth  of  an  inch,  the 
power  lever  being  50  inches  in  length  ? 

SOLUTION. 

Here  Jf  —  6  lbs.,  p  =  Jg^  inch,  and  ^  =:  50  inches. 

mv.       Tir    ■PXiX2X3-1416    5X50X2X3-1416    1570-8     ^   ^^„  „ 

ThenW= — ; ^— ; — ^10708  lbs.  Ahs. 

P  /o  T-.7 

Example  93.  By  means  of  a  screw  having  a  power  lever  5  ft. 
10  inches  in  length,  a  power  of  6  lbs.  sustains  a  weight  of  80000 
lbs. ;  what  is  the  pitch  of  the  screw  ? 

SOLUTION. 

Here  P  =  6  lbs.,  W=^  80000  lbs.,  and  I  =  70  inches. 

„,              PX?X2X3-1416    6X70X2X,3-1416    2614-944     „„„,„„„   .     , 
Then^,- ^ .-. g^ :^__^.0326868  niches,  or 

33 
about  of  an  inch.  Ans. 

Example  94.  What  power  will  sustain  a  weight  of  96493  lbs. 
by  means  of  a  screw  having  a  pitch  of  f^^th  of  an  inch,  the  power 
lever  being  25  inches  in  length? 

SOLUTION, 

Here  W  —  96493  lbs.,  p  —  -/^th  inch,  and  i  ~  35. 

„,        n    _         TFXP        _      96493 Xi^f      _   '^*j^'i-  _   17028-1764 
®"  ZX2X3-1416  25X2x3-1416  157-08  167-08       ~ 

108*403  lbs.    Ans. 

EXERCISES. 

95,  What  power  will  support  a  weight  of  87000  lbs.  by  means 
of  a  screw  having  a  pitch  of  ^^y-th  of  an  inch,  the  power 
lever  being  6  ft.  3  inches  long?  Ans.  31-83  lbs. 

9G.  What  weight  will  be  sustained  by  a  power  of  200  lbs.  acting 
on  a  screw  having  a  pitch  of  j%th  of  an  inch — the  power 
lever  being  15  inches  long?  Jlns.  314160  lbs. 

97.  By  means  of  a  screw  having  a  power  lever  50  inches  in 
length,  a  weight  of  9000  lbs.  is  supported  by  a  power  of 
12  lbs.     Required  the  pitch  of  the  screw  ? 

Ans,  -41888,  or  rather  over  f  of  an  inch. 
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98.  What  power  will  support  a  weight  of  11900  lbs.  by  means 
of  a  screw  having  a  pitch  of  ^^^th  of  an  inch,  the  power  lever 
being  10  ft.  in  length  ?  J)is.  3-713  lbs. 

99.  By  means  of  a  screw  having  a  power  lever  1  ft.  6  inches  in 
length,  a  power  of  10  lbs.  supports  a  weight  of  65400 ; 
what  is  the  pitch  of  the  screw  ?  ^ns.  -0864  of  an  inch. 

What  weight  will  be  supported  by  a  power  of  50  lbs.  act- 
ing on  a  screw  with  a  pitch  of -4^th  of  an  inch — the  power 
lever  being  8  ft.  4  inches  in  length  ?  jin$.  418880  lbs. 


100. 


Fig.  14. 


THE  DIFFERENTIAL  SCREW. 

129.  The  differential  screw,  (invented  by  Dr.  John 
Hunter,)  like  the  differential  wheel  and  axle,  acts  by  dimi- 
nishing the  distance  through  which  the  weight  is  moved 
in  comparison  with  that  traversed  by  the  power. 

It  consists  of  two  screws  of  dif- 
ferent pitch,  working  one  within 
the  other  (Fig.  14),  so  that  at  each 
revolution  of  the  power  lever  the 
weight  is  raised  through  a  space 
only  equal  to  the  difference  be- 
tween the  pitch  of  the  exterior 
screw  and  the  pitch  of  the  inner 
screw.  It  follows  that  the  mechan- 
ical effect  of  the  differential  screw 
is  equal  to  that  of  a  single  screw 
having  a  pitch  equal  to  the  differ- 
ence of  pitch  of  the  two  screws. 

For  instance,  in  Fig.  1*,  the  part  B  works  within  the  part  A.  Now,  if  B 
have  a  pitch  of  ^ijth  of  an  inch  and  A  a  pitch  of  iV,  then  at  each  revolu- 
tion of  the  handle  the  weight  will  be  raised  through  j*g:— 2V=^8^  of  an 
inch,  and  the  whole  instrument  has  the  same  mechanical  effect  as  a  single 
screw  having  a  pitch  of  js  oth  of  an  inch, 

130.  For  the  differential  screw,  let  P  =z  power,  W  ^  weighty 
lz=:  length,  of  lever,  and  d  =  difference  of  pitch  of  the  two  screws. 


Then  P  :  Tf 
Hence  P  = 


:  d  :  ZX2X3-1416. 
Wxd 


/X2X3-1416 


PXZX2X31416 
d  • 


ABT.  181.3  THE   ENDLESS   SCREW.  45 

Example  101. — What  power  will  exert  a  pressure  of  20000  Iba. 
by  means  of  a  differential  screw  having  a  power  lever  50  inches  in 
length,  the  exterior  screw  a  pitch  of  ^  of  an  inch,  and  the  inner 
screw  a  pitch  of  /(;th  of  an  inch  ? 

SOLUTION. 

Here  Tr= 20000,  /  —  50  in.,  and  d  —  A  —  -/o  =  -^h  —  A"o  —  'No  of  aa 
inch. 

„,        „  fTxd  20000  X^V        ^W^       2454..545       245454.54 

IX2XZ.U16        .50X2X3.1410       314.10  314.16  31410 

=  7.81  lbs.  Ans. 

Example  102. — What  pressure  will  be  exerted  by  a  power  of 
1000  lbs.  acting  on  a  differential  screw  in  which  the  power  lever 
is  75  inches  long,  the  pitch  of  the  exterior  screw  -y^th  of  an  inch, 
and  that  of  the  interior  screw  -/^th  of  an  inch  ? 

SOLUTION. 

Here  P  =  1000  lbs.,  I  =  76  inches,  and  d  —  f f— /d=rHo— i6i='iVo  of 
an  inch. 

^  _  Px?X2X3.14ie  _  1000X75X2X3.1416  _  471240  _  400554000 

ineu  w -j-j-  _  -jT-  -  - 

«  .5  (J  8  60 

— 1292109614  lbs.    Ans. 

EXERCISES. 

103.  What  power  will  exert  a  pressure  of  100000  lbs.  by  means 
of  a  differential  screw  in  which  the  power  lever  is  100  inches 
long,  the  pitch  of  the  outer  screw  ^'g-  of  an  inch,  and  that  of 
the  inner  screw  4^  of  an  inch? 

Ans.  -102  or  about  ^V  of  a  lb. 

104.  What  pressure  will  be  exerted  by  a  power  of  20  lbs. 
acting  on  a  differential  screw  in  which  the  power  lever  is 
50  inches  long,  the  pitch  of  the  exterior  screw  -j^f  of  an  inch, 
and  that  of  the  inner  screw  \  of  an  inch  ?     Ans.  345576  lbs. 

105.  What  power  will  give  a  pressure  of  60000  lbs.  by  means  of  a 
differential  screw  in  which  the  power  lever  is  60  inches,  the 
pitch  of  the  outer  screw  2%,  and  that  of  the  inner  screw  f^  of 
an  inch?  Ans,  2-652  lbs. 

THE  ENDLESS  SCREW. 

131.  The  Endless  Screw,  Fig.  Fig.  15. 

16,  is  an  instrument  formed  by 
combining  the  screw  with  the 
wheel  and  axle.  The  teeth  of  the 
wheel  are  set  obliquely  so  as  to 
act  as  much  as  possible  on  the 
threads  of  the  screw. 
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132.  In  Fig.  15  each  revolution  of  the  handle  makes 
the  wheel  revolve  only  through  the  space  of  one  cog ; 
hence  if  the  whole  has  24  cogs,  the  winch  must  revolve 
24  times  in  order  to  make  the  wheel  revolve  once. 

It  follows  that  in  the  endless  or  perpetual  screv)  the  con- 
(lltions  of  eqidlibi'ium  arc  that  thepoiver  is  to  the  weight  as 
the  radius  of  the  axle  is  to  the  product  of  the  number  of 
teeth  in  the  wheel  multiplied  hy  the  length  of  the  vnnch  ; 
i.  e.,  the  radius  of  the  circle  described  hy  tliepoicer. 

133.  For  the  endless  screw  let  P:=poicer,  W=weight,  l=:length 
of  winch  or  handle,  i=:numbcr  of  teeth  in  the  wheel,  and  r=:radius 
of  axle. 

TVy,  r             jP  X  ?  X  i 
Then  P:  Wy.v.lxt.    Whence  P  =  -j-j    W= —  . 

Example  106. — In  an  endless  screw  the  length  of  the  winch 
or  handle  is  25  inches,  the  wheel  has  60  cogs,  and  the  axle  to 
which  the  weight  is  attached  has  a  radius  of  2  inches.  What 
weight  will  be  sustained  by  a  power  of  100  lbs.? 

SOLUTION. 

Here  P  =  100  lbs.,  r  =  2  inches,  I  =  25  inches,  and  i  =  60. 

_,       _      P-KlXt      100X25X60      150000      ,^.„„,.  . 

Then  W  = — ^r =  — — -  =  75000  lbs.    Ans. 

r  2  2 

Example  107. — In  an  endless  screw  the  length  of  the  winch  is 

20  inches,  the  wheel  has  56  teeth  and  the  radius  of  the  axle  is 

3  inches.     What  power  will  support  a  weight  of  14000  lbs.  ? 

SOLUTION. 

Here  W=  14000  lbs.,  r  =  8  inches,  i2  =  20  inches,  and  i  =■  56. 

^,         „       JFxr       MOOOX.-J      42000       ,„^.,  . 

Then  P  =  -^— r  =    ,„    .„   =  -— —  =  37  j  lbs.    Ans. 
Ixt  20X56         1120 

EXERCISES. 

108.  In  an  endless  screw  the  length  of  the  winch  is  18  inches, 
the  radius  of  the  axle  is  2  inches,  the  wheel  has  48  teeth, 
and  the  power  is  120  lbs.     Required  the  weight. 

.dns.  51840  lbs. 

109.  What  power  will  support  a  weight  of  a  million  of  lbs.  by- 
means  of  an  endless  screw  having  a  winch  25  inches  long, 
an  axle  with  a  radius  of  1  inch,  and  a  wheel  with  100 
teeth  ?  ^ns.  400  lbs. 

110.  What  weight  will  be  raised  by  a  power  of  40  lbs.  by  means 
of  an  endless  screw  in  which  the  winch  is  20  inches  long, 
the  radius  of  the  axle  2  inches,  and  the  number  of  teeth  in 
th«  wheel  80?  ^ns.  32000  lbs. 
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134.  The  theoretical  results  obtained  by  the  foregoing 
rules  are  in  practice  very  greatly  modified  by  several 
retarding  forces.  Thus  friction  has  to  be  taken  into  ac- 
count in  each  of  the  mechanical  powers — the  weight  of  the 
instrument  itself  in  the  lever  and  in  the  movable  pulley — 
the  rigidity  of  cordage  in  the  pulley  and  in  the  wheel  and 
axle,  &c. 

FRICTION. 

135.  Friction  aids  the  power  in  supporting  the  weight, 
but  opposes  the  power  in  moving  the  weight,  and  hence 
materially  affects  the  conditions  of  equilibrium  in  the 
mechanical  powers. 

If  P  be  the  power  necessarv  in  the  absenct  of  all  friction  and/ the  fric- 
tion, then  the  weight  will  be  held  in  equilibrium  by  any  power  which  ifl 
less  than  P+f,  or  greater  than  P—f. 

136.  Friction  is  of  two  kinds  :  1st.  Sliding  Friction. 

2nd.  Rolling  Friction. 

137.  The  fraction  which  expresses  the  ratio  between 
the  whole  weight  and  the  power  necessary  to  overcome 
the  friction,  is  called  the  coefficient  of  friction.  The  coef- 
ficient of  sliding  friction,  in  the  case  of  hard  bodies,  varies 
from  I  to  ^. 

138.  On  a  perfectly  level  road,  power  is  expended  only 
for  the  purpose  of  overcoming  friction,  and  on  the  same 
road  the  ratio  between  the  power  and  the  load  is  constant, 
— varying  on  common  roads,  according  to  their  goodness, 
from  y'y  to  j\  of  the  load.  On  an  even  railway,  however, 
it  is  not  more  than  -j-i^-  to  -gi^  of  the  load,  according  to  the 
dampness  or  dryness  of  the  rail.  On  a  good  macadamized 
road  the  coefficient  of  friction  is  about  gVi  ^^  ^^^^  ^  horse 
drawing  a  load  of  one  ton  or  2000  lbs.  must  draw  with  a 
force  of  Jfl  of  2000  lbs.  or  66|  lbs. ;  this  is  called  the  force 
of  traction. 

139.  Various  expedients  are  in  common  use  for  dimin- 
ishing the  amount  of  friction,  such  as  crossing  the  grain, 
when  wooden  surfaces  rub  on  one  another,  using  surfaces 
of  diflferent  materials,  as  wood  on  metal,  or  one  kind  of 
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metal  ou  another  kind,  and  anointing  the  surface  with  oil, 
tar,  or  plumbago.  Tallow  diminishes  the  friction  by  one- 
half. 

The  following  are  the  conclusions  of  Coulomb  on  the 
important  subject  of  sliding  friction  : — 

I.  Friction  is  directly  proportional  to  the  pressure. 

II.  Friction  between  the  same  two  bodies  is  constant,  being;  uninfluenced 
by  either  the  extent  of  surface  in  contact  or  the  velocity  of  the  motion. 

III.  Friction  is  greatest  between  surfaces  of  the  same  material. 

IV.  Friction  varies  with  the  nature  of  the  surfaces  in  conta<;t. 

The  friction  between  siu-faces  of  wood,  newly  planed  =  i 
The  friction  between  similar  metallic  surfaces  =  k 

The  friction  of  a  wooden  surface  on  a  metallic  svirface  =  ^ 
The  friction  of  iron  sliding  or  iron  =  ^ 

The  friction  of  iron  sUding  or  brass  =  ^ 

V.  Friction  decreases  as  the  surfaces  in  contact  wear.  In  wood  the 
friction  is  thus  reduced  from  i  to  J. 

VI.  Friction  is  diminished  between  wooden  surfaces  by  crossing  the 
fibres.  If  when  the  fibres  are  in  the  same  direction  the  coefficient  of  fric- 
tion is  ^,  it  is  diminished  to  i  by  crossing  them. 

"VII.  Friction  is  greater  between  rough  than  between  polished  surfaces. 

Hence  arise  the  use  of  lubricants  in  machinery.  When  the  pressure  is 
small,  the  most  limpid  oils  are  used.  At  greater  pressures,  the  more  viscid 
oils  are  preferred,  then  tallow,  then  a  mixture  of  tallow  and  tar, or  tallow 
and  plumbago,  then  plumbago  alone,  and  in  the  heaviest  machinerj"  soap' 
stone  has  been  found  to  be  the  most  efficacious  substance. 

Note. — At  very  grrea^  velocities  the  friction  is  perceptibly  lessened;  when 
the  pressiu'e  is  vertj  greatly  increased,  the  friction  is  not  increased  in  pro- 
portion. 

EOLLIWG  FEICTION. 

VIII.  Friction  caused  by  one  body  rolling  on  another  is  directly  propor- 
tional to  the  pressure,  and  inversely  to  the  diameter  of  the  rolling  body. 

That  is,  if  a  cylinder  rolling  along  a  plane  have  its  pressure  doubled,  its 
friction  will  also  be  doubled  ;  but  if  its  diameter  be  doubled,  the  friction 
will  be  only  half  of  what  it  was. 

The  friction  of  a  wooden  cylinder  of  32  inches  in  diameter  rolling  upon 
rollers  of  wood  is  TzT  of  the  pressure. 

The  friction  of  an  iron  axle  turning  in  a  box  of  brass  and  well  coated  with 
oil  is  Vff  of  the  pressure. 
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UNIT  OF  WORK. 

140.  In  comparing  the  work  performed  by  different 
agents,  or  by  the  same  agent  under  different  circumstances, 
it  becomes  necessary  to  make  use  of  some  definite  and  dis- 
tinct unit  of  work.  Tlie  unit  commonly  adopted  for  this 
purpose  in  England  and  America  is  the  labor  requisite  to 
raise  the  weight  of  one  j)Oii.nd  through  the  space  of  one  foot. 

Thus  in  raising  1  lb.  through  1  foot,  1  unit  of  work  is  performed. 

If  2  lb.  be  raised  1  ft.,  or  if  1  lb.  be  raised  2  ft.,  2  units  of  work  are  ' 
performed. 

If  7  lbs .  be  raised  through  9  ft.,  or  if  9  lbs.  be  raised  through  7  ft.,  63 
units  of  work  are  performed,  &c. 

141.  The  units  of  icork  expended  in  raising  a  body  of 
a  given  toeight  are  found  hy  multijjlying  the  tceight  of  the 
body  in  lbs,  by  the  vertical  sjyacc  in  feet  through  ichich  it 
is  raised. 

Example  111. — How  many  units  of  work  are  expended  in  rais- 
ing a  weight  of  642  lbs.  to  a  height  of  70  ft.  ? 

SOLUTIOK. 

Ans.  Units  of  work=642X  70=44940. 
Example    112. — How  many  units  of  work  are  expended  in 
raising  a  weight  of  423  lbs.  to  a  height  of  267  ft.  ? 

SOLUTIOX. 

Jas.  Units  of  work=423X  2^7=112941. 
EXA.MPLE  113. — How  many  units   of  work  are  expended   in 
raising  11  tons  of  coal  from  a  pit  whose  depth  is  140  ft.  ? 

SOLUTIOK. 

Here,  11  tons=llX  2000=22000  lbs. 
Then  22000X140  =  3080000  Aiis. 

Example  114. — How  many  units  of  work  are  expended  in 
raising  7983  gallons  of  water  to  the  height  of  79  ft.  ? 

SOLUTION. 

Here,  since  a  gallon  of  water  weighs  10  lbs.,  7983  gals.=79830  lbs. 
Then  miits  of  work  =  79830X79  =  6306570.  Ans. 

Example  115. — How  many  units  of  work  are  expended  in 
raising  60  cubic  feet  of  water  from  a  well  whose  depth  ia  90  feet  ? 
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aOLUXION. 

Since  a  cubic  foot  of  water  weighs  62i  lbs.,  60  cii1)ic  feet  weigli  62iX60= 
3750  lbs. 
Then  units  of  work=3750X  99=337500.  Ans. 

EXERCISES. 

116.  Ho'w  much  work  would  be  required  to  pump  60000  gallons 

of  water  from  a  mine  whose  depth  is  860  ft.  ? 

•4/is.  516000000  units. 

117.  How  many  units  of  work  would  be  expended  in  pumping 

8000  cubic  feet  of  water  from  a  mine  whose  depth  is  679 
feet?  ^ns.  339500000  units. 

118.  How  much  work  would  be  expended  in  raising  the  ram  of 

a  pile  driving  engine — the  ram  weighing  2  tons,  and  the 
height  to  which  it  is  raised  being  29  ft.  ? 

jlns.  116000  units. 

119.  How  much  work  would  be  required  to  raise  17  tons  of 

coals  from  a  mine  whose  depth  is  300  feet  ? 

Ans.  10200000  units. 

120.  How  much  work  would  be  expended  in  raising  600  cubic 

feet  of  water  to  the  height  of  293  feet  ? 

.4ns.  10987500  units. 


142.  The  most  important  sources  of  laboring  force  are 
animals^  water,  wind^  and  steam.  The  laboring  force  of 
animals  is  modified  by  various  circumstances,  the  most 
important  of  which  are  the  duration  of  the  labor,  and  the 
mode  by  which  it  is  applied.  The  following  table  shows 
the  amount  of  effective  work  that  can  be  performed 
under  different  circumstances  by  the  more  common  living 
agents : 

TABLE 

SHEWING   THE   WORK   DONE   PER  MINUTE   BY   VARIOUS   ASBNTS. 

Duration  of  labor  eight  hours  per  day. 

Horse 33000  units 

Mule 22000  " 

Ass 8250  " 

Man,  with  wheel  and  axle 2600  " 

"     drawing  horizontally 3200  " 

"     raising  materials  with  a  pulley 1600  " 

"     throwing  earth  to  the  height  of  5  ft. . .       560  " 
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Man,  working  with  his  arms  and  legs  as  in 

rowing 4000  units 

"     raising  water  from  a  well  with  a  pail 

and  rope 1054     " 

"     raising  water  from  a  well  with  an  upright 

chain  pump .' 1730     " 

NoTK.— The  work  assigned  by  Watt  to  tlie  horse  per  minute  was  33000 
units,  but  this  is  known  to  be  about  \  too  great.  A  horse  of  average 
strength  performs  about  22000  units  of  work  per  minute.  The  number 
given  in  the  table  is,  however,  still  used  in  all  calculations  in  civil  engi- 
neering. 

Example  121. — How  many  cubic  feet  of  eai'th,  each  weighing 
100  lbs.,  will  a  man  tlirow  to  4he  height  of  5  feet  in  a  day  of  8 
hours? 

SOLUTION. 

Since  (by  the  table)  a  man  throwing  earth  to  the  height  of  5  ft.  does  560 
units  of  work  per  minute— aud  from  the  example  he  works8X60=:-180 
minutes. 

Units  of  work  done  in  the  day=5G0X480. 

Units  of  work  required  to  throw  1  cubic  foot  to  height  of  5  feet  —100X5. 

_,,       560X480    _„_„       r.-    f    i.    A 

Then =537?^  cubic  feet.  Ans. 

100X5  "' 

Example  122. — How  many  gallons  of  water  will  a  man  raise 

in  a  day  of  8  hours  from  a  well  whose  depth  is  70  feet — using  a 

pail  and  rope  ? 

SOLUTION. 

Units  of  workr=l054X60X8  ;  work  required  to  raise  1  gal.=10X70, 

,        ^     1,  1054X60X8 '^'„„,     ^ 

Then  number  of  gallons  =  —  ■  =  7229.  Ans. 

Example  123. — How  many  gallons  of  water  can  a  man  raise  by 
means  of  a  chain  pump  in  a  day  of  8  hours  from  the  depth  of  80 
feet? 

SOLUTIOIf. 

Units  of  work  performed  by  the  man  =  1730X60X8. 

Units  of  work  requu-ed  to  raise  1  gal.  of  water  =  10X80. 

,.^11  1730X60X8     ,„„„     . 

Then  number  of  gallons  =  — — — — —  =  1038.  Ans. 

Example  124. — How  many  tons  of  earth  will  a  man  working 
with  a  wheel  and  axle  raise  in  a  day  of  8  hours  from  a  depth  of 
87  feet? 

SOLTJTIOIf. 

Units  of  work  performed  by  the  man  —  2600X60X8. 

Units  of  work  required  to  raise  1  ton  to  height  of  87  ft.  =  2000X87. 

_,  .     ,      2600X60X8 

Tonsraised=    ^^^^^^^    =  7,^.  Ans. 

Example  125.— How  many  gallons  of  water  per  hour  will  an 
engine  of  7  horse  powers  raise  from  a  mine  whose  depth  is  110 

feet  ? 
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aoLVTioir. 

Units  of  work  in  one  horse  power=33000  per  minute. 

Units  of  work  in  7  horse  powers=33000X7. 

Units  of  work  performed  by  the  engine  per  hour=33000X7x60. 

Units  of  work  required  to  raise  1  gallon  of  water  to  the  height  of  110ft,= 

10X110. 
XT  I-       ,     11  83000X7X60     ,„„^„     . 

Hence  number  of  gallons  =  — — — — —  =  12600.  Ans. 

Example  126. — How  many  horse  powers  will  it  require  to  raise 
22  tons  of  coals  per  hour  from  a  mine  whose  depth  is  360  feet? 

SOLUTION. 

Weight  of  coals  to  be  raised  =  22  tons  =  4i000  lbs. 
Units  of  work  required  per  hour  =  44000X360. 
Units  of  work  in  one  horse  power  per  hour  =  33000X60. 
„  „  _        44000X360      „      . 

Hence.H.P.=35^5^^  =  8.  ^«.. 

Example  127. — How  many  cubic  feet  of  water  will  an  engine 
of  15  horse  powers  pump  each  hour  from  a  mine  whose  depth  is 
900  feet  ? 

SOLUTIOW. 

Units  of  work  performed  by  engine  per  hour  =  S3000X60X 15. 
Units  of  work  required  to  raise  1  cubic  foot  =  62*5X900. 

TT  '      1.       ,      v.-    /.    i.       33000X60X15         „„      . 

Hence,  number  of  cubic  feet  =  — — —  =  528.  Am. 

Example  128. — What  must  be  the  horse  powers  of  an  engine 
in  order  that  working  12  hours  per  day  it  may  supply  2300  fami- 
lies with  50  gallons  of  water  each  per  day — taking  the  mean 
height  to  which  the  water  is  raised  as  80  feet,  and  assuming 
that  ^  of  the  work  of  the  engine  is  lost  in  transmission  ? 

SOLtTTION. 

Weight  of  water  pumped  per  day  =  2300X50X10. 

Units  of  work  required  daily  =  2300X50X10X80. 

Units  of  work  in  one  horse  power  per  day  =  33000X12X60. 

But  since  b'  of  the  work  of  the  engine  is  lost  in  transmission, 

Useful  work  of  one  H.  P.  per  day=:|x  33000X12X60. 

„  „  _        2300X60X10X80      ,  „,     , 

^*"««'  «•  ^-  =1X33000X12X60  =  '■'''  '''"' 


EXERCISES. 

129.  How  many  cubic  feet  of  earth,  each  weighing  100  lbs.,  will 

a  man  raise  by  means  of  a  pulley  from  a  depth  of  30  feet 
in  a  day  of  8  hours  ?  Ans.  256  cubic  feet. 

130.  How  many  cubic  feet  of  water  per  hour  will  an  engine 

of  20  H.  P.  raise  from  a  mine  whose  depth  is  450  feet, 
assuming  that  i  of  the  work  of  the  engine  ia  lost  in 
transmission?  Am.  1126f  cubic  feet. 
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131.  What  must  be  the  H.  P.  of  an  engine  in  order  that  it  may 
raise  11  tons  of  material  per  hour  from  a  depth  of  700  ft.  ? 

jlns.  7-n  H.  P, 

132.  A  forge  hammer  weighing  890  lbs.  makes  50  lifts  of  4  feet 
each  per  minute — what  must  be  the  horse  powers  of  the 
engine  that  works  the  hammer  ?  ^ns.  H.  P.=5-39. 

133.  An  engine  of  8  horse  powers  works  a  forge  hammer,  caus- 
ing it  to  make  50  lifts  per  minute,  each  to  the  height  of 
6  feet.     What  is  the  weight  of  the  "hammer? 

^ns.  880  lbs. 

134.  An  engine  of  8  horse  powers  gives  motion  to  a  forge  ham- 
mer, which  weighs  300  lbs.,  and  makes  30  lifts  per  minute 
of  2  feet  each ;  and  at  the  same  time  raises  2  tons  of  coal 
per  hour  from  the  bottom  of  a  mine.  Required  the  depth 
of  the  mine  ?  jins  3690  feet. 

Note.— The  work  of  the'engine=33000x8  units  per  minute.  From  this 
subtract  the  units  of  work  required  by  the  hammer ;  the  remainder  will  be 
the  work  expended  per  minute  in  raising  the  coal.  Multiplying  this  by  60 
gives  us  the  work  required  per  hour  for  the  coal ;  and  this  last  is  the  product 
of  the  weight  in  lbs.  by  the  depth  in  feet,  of  which  the  former  is  given. 


WORK  EXPENDED  IN  MOVING  A  CARRIAGE  OR  RAIL- 
WAY TRAIN  ALONG  A  HORIZONTAL  PLANE. 

143.  In  moving  a  carriage,  &c.,  along  a  level  plane,  a 
certain  amount  of  power  is  expended  in  overcoming  the 
friction  of  the  road.  This  is  rolling  friction,  and  amounts, 
as  before  stated  (Art.  138),  to  from  ■g\  to  j\  of  the  entire 
load  on  common  roads,  and  from  -^^-^  to  yi^  of  the  load 
on  railway  tracks.  In  the  case  of  railway  trains,  friction 
is  usually  taken  as  7  lbs.  per  ton  of  2000  lbs. 

144.  In  running  carnages  of  any  description,  work  is 
employed  to  overcome  the  resistances.  These  resistances 
are : — 

1st.  Friction — which  on  the  same  road  and  with  the 
-  same  load  is  the  same  for  all  velocities. 

2d.  Ascent  of  inclined  planes — in  which,  since  the  load 
has  to  be  lifted  vertically  through  the 
height  of  the  plane,  the  work  is  the  same, 
whatever  may  be  the  velocity  of  the 
motion. 

3d,  The  Resistance  of  the  Atmosphere — which  depends 
upon  the  extent  of  surface,  and  increases 
as  the  squai'e  of  the  velocity. 
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146.  When  a  railway  train  is  set  in  motion,  the  work 
of  the  locomotive  engine  at  first  far  exceeds  the  work  of  re- 
sist ances,and  tbe  motion  is  consequently  rapidly  accelerated. 
But  i\s  the  velocity  of  the  train  increases,  the  atmospheric 
resistance  also  increases,  and  with  such  rapidity  as  very  soon 
to  equalize  the  work  of  resistances  to  the  work  of  the  loco- 
motive. When  this  occurs,  i.  e.,  when  the  work  applied 
by  the  locomotive  is  exactly  equal  to  the  continued  work 
of  resistances  (atmospheric  resistance  and  friction),  the 
velocity  of  the  train  will  be  uniform.  In  this  case  the  train 
is  said  to  have  attained  its  greatest,  or  maximum  speed. 

146.  The  traction  or  force  with  which  an  animal  pulls 
depends  upon  the  rate  of  his  motion.  A  horse,  for  example, 
moving  only  2  miles  an  hour,  can  draw  with  a  far  greater 
force  than  when  running  at  the  rate  of  6  miles  an  hour. 
The  following  table  shows  the  relation  between  the  speed 
and  the  traction  of  a  horse  : 

TABLE    OF   TRACTION    OF    A    HORSE. 

Speed.  Traction. 

A  horse  moving  2  miles  per  hour,  can  draw  with  a  force  of  166  lbs. 
u  3  Lt  u  125    " 

"  3i  "  "  104    " 

u  4  c  u  33    u 

"  4i  "  "  62^  " 

"  5  "  «  41§  " 

Example  135. — What  gross  load  will  a  horse  draw  travelling 
at  the  rate  of  four  miles  per  hour  on  a  road  whose  friction  is  -Jo  of 
the  whole  load? 

SOLUTION, 

Here  from  the  table  tlie  traction  is  83  lbs.,  which  by  the  conditions  of 
the  question  is  J^  of  the  gross  load. 
Hence  load  =  83  X  20  =1660  lbs,  Ans. 

Example  136. — At  what  rate  will  a  horse  draw  a  gross  load 
of  1800  lbs,  on  a  road  whose  coeflScientof  friction  is  jV? 

SOLUTION, 

Here,  traction  =  i~\^  =  100  lbs.,  whence  by  the  table  the  rate  must  be 
rather  over  3i  miles  per  hour. 

Example  137. — If  a  horse  draw  a  load  of  2500  lbs.  upon  a 
road  whose  coefficient  of  friction  is  jV,  what  traction  will  he 
exert  and  how  many  units  of  work  will  he  perform  per  minute  ? 
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SOLUTION. 
Here,  traction  =  a^^a  =  834  lbs.,  and  hence  he  moves  at  a  rate  of  four 
miles  per  hour. 

m,        ^.  .  J  •      i         4X5280*       „  „  .    ^ 

Then  distance  moved  per  minute  =  —  - —  =  352  feet. 

60 
Hence  units  of  work  =  83^X352  =  29333i.   Ans. 

Example  138. — What  must  be  the  effective  horse  powers  of  a 
locomotive  engine  to  carry  a  train  v/eighing  70  tons  upon  a 
level  rail  at  the  steady  rate  of  40  miles  per  hour,  neglecting  at- 
mospheric resistance  and  taking  7^-5  as  the  coeflBcient  of  friction  ? 

SOLUTION. 

Here,  weight  of  train  =  70  tons  —  140000  lbs. 

40  V  5280 
Space  passed  over  per  minute  =  ^§  miles  =  — ^-- —  =  3520  feet. 

Work  of  friction  to  1  foot  =  ^^-^  of  140000  =  ^^^  ~  700  units. 

Work  of  friction  per  minute  =  700X3520  =  2464000  units. 
Units  of  work  in  one  H.  P.  —  33000. 

^r       ,       TT  T>    ,1  *•  700X3520        2464000       „„^„    , 

Therefore  H.  P.  of  locomotive  =  -^^^^  =  Isooo"  ^^^f'^-^"*- 

Example  139. — A  train  weighing  120  tons  is  carried  with  a 
uniform  velocity  of  30  miles  per  hour  along  a  level  rail ;  assum- 
ing the  friction  to  be  11  lbs.  per  ton,  and  neglecting  the  resistance 
of  the  atmosphere,  what  are  the  horse  powers  of  the  locomotive  ? 

SOLUTION. 

Space  passed  over  per  minute  =  |§  miles  =  — — —  =:  2610  feet. 
Work  of  friction  to  each  foot  =  120X11  =  1320  units. 
Work  of  friction  per  minute  =  1320X2640  =  3484800  units. 
^^  -,       3484800       ,„^.^    . 

Example  140. — At  what  rate  per  hour  will  a  train  weighing 
90  tons  be  drawn  by  an  engine  of  80  horse  powers,  neglecting 
the  resistance  of  the  atmosphere  and  taking  -^hj  ^^  t^c  coefficient 
of  friction  ? 

solution. 
Work  done  by  the  engine  per  hour  =  33000  X  60  X8(t. 
Weight  of  train  in  lbs.  =  90X2000  ==  180000. 
Units  of  work  required  to  move  the  train  through  1  foot  =  ^^  of  180000 

=  720. 
Work  expended  in  moving  the  train  through  1  mile  =720X5280. 

■»r       ^        ^     ..  I.  33000X60X80       ^,  ^„    , 

.  ■ .  Number  of  mues  per  hour  =  ■■  ,.,.,^..oo^     =  41'66.  Ans. 
720X5JoU 

Example  141. — A  train  moves  on  a  level  rail  with  the  uniform 
speed  of  35  miles  per  hour  ;  assuming  the  H.  P.  of  the  locomotive 
to  be  50,  the  friction  equal  to  9  lbs.  per  ton,  and  neglecting 
atmospharic  resistance,  what  is  the  gross  weight  of  the  train? 

*  3280  is  thft  number  of  feet  in  one  mile. 
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BOLrilOS. 

Work  of  engine  per  hour  =  83000X60X60. 

Feet  moved  over  per  hour  ~  35X5280. 

Work  expended  per  hour  in  moving  1  ton  =  35X0280X9. 

.„..,.     ,^     •     •     i  33000X60X50       .„    ,„    , 

.    .  Weight  of  train  m  tons  =  -— — — — — —  =  59523.  Ans. 

35X5280X9 

Example  142. — la  what  time  will  an  engine  of  100  H.  P. 
move  a  train  of  90  tons  weight  through  a  journey  of  80  miles 
along  a  level  rail,  assuming  friction  to  be  equal  to  10  lbs.  per 
ton  and  neglecting  atmospheric  resistance? 

SOLXJriON. 

Work  expended  in  moving  the  train  through  1  foot  =  90X10  =  900  units. 
Work  expended  on  whole  journey  In  moving  the  train  =  900X5280X80. 
Work  of  engine  per  minute  =  33000X100. 

.   XT      X-       p      •      *  900X5280X80        ,,,,       .      . 

.    .Number of  minutes  =  ■  ogAnnvifn"  ~  ^^^'^  minutes  =■  1  hour  554 
ooOOOXlOO 
minutes.  Ans. 

EXERCISES. 

143.  What  gross  load  will  a  horse  draw  travelling  at  the  rate  of 
2  miles  per  hour  on  a  road  whose  coefficient  of  friction  is  tV  ? 

Ans.  2988  lbs. 

144.  What  must  be  the  H.  P.  of  a  locomotive  in  order  that  it 
may  draw  a  train  whose  gross  weight  is  130  tons,  at  the 
uniform  speed  of  25  miles  per  hour,  allowing  the  friction  to 
be  7  lbs.  per  ton  and  neglecting  atmospheric  resistance? 

Ans.  H.  P.  60-66. 

145.  A  train  weighs  75  tons  and  moves  with  the  uniform  speed 
of  30  miles  per  hour  on  a  level  rail ;  taking  ^-^j  as  the  coeffi-  !>[ 
cient  of  friction  and  neglecting  the  resistance  of  the  atmos- 
phere, what  are  the  horse  powers  of  the  engine  ?  ^ 

Ans.  H.  P.  =  48. 

146.  In  what  time  will  an  engine  of  160  H.  P.  moving  a  train  \  j^ 
whose  gross  weight  is  110  tons  complete  a  journey  of  150  y^ 
miles,  taking  friction  to  be  equal  to  7  lbs.  per  ton,  neglect-  > 
ing  atmospheric  resistance  and  assuming  the  rail  to  be  on  a  i" 
level  plane  throughout?  Ans.  1  hour  55 J  minutes.   ^ 

147.  At  what  rate  per  hour  will  a  horse  draw  a  load  whose  gross  ^ 
weight  is  2200  lbs.  on  a  road  whose  coefficient  of  friction  N 
is  aV?  Ans.  Piather  over  3i  miles  per  hour.  ^ 

148.  From  the  table  given  (Art.  145)  ascertain  at  what  rate  per  ^ 
hour  a  horse  must  travel,  when  drawing  a  load,  in  order  to  n 
do  the  greatest  amount  of  work  ?        Ans.  3  miles  per  hour.  1/ 

149.  At  what  rate  per  hour  will  a  locomotive  of  50  H.  P.  draw  .i^ 
a  train  whose  gross  weight  is  70  tons,  neglecting  atmos-  ^ 
pheric  resistance,  taking  -jJnj  as  the  coefficient  of  friction 
and  assuming  the  rail  to  be  level  ?  Am.  26-78  miles. 
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147.  When  a  body  moves  through  the  atmosphere  or 
any  other  fluid,  it  encounters  a  resistance  which  increases : 

1st.  In  proportion  to  the  surface  of  the  moving  body  ; 
2nd.  In  proportion  to  the  square  of  the  velocit}^ 

Thus  1st.  If  a  board  presenting  a  surface  of  1  sq.  foot  in  moving  through 
the  air  meet  with  a  certain  resistance,  a  board  having  a  sur- 
face of  2  sq.  feet  will  meet  with  double  that  resistance ;  a 
l3oard  having  a  surface  of  3  square  feet  will  meet  with  three 
times  that  resistance,  &c. 

2nd.  If  a  body  moving  2  miles  per  hour  meet  with  a  certain  resis- 
tance, a  body  of  the  same  size  moving  4  miles  per  hour  will 
meet  with  (|)   >  or  2^,  or  4  times  that  resistance. 

If  the  velocity  be  increased  3  times;  i.  e.,  to  6  miles  per  hour, 
the  resistance  will  be  increased  9  times  (i.  e.,  3'^  times). 

If  tlie  velocity  be  increased  7  times,  i  e,,  to  14  miles  per  liour, 
the  resistance  will  be  increased  7^  times,  i.  e.,  49  times,  Ac. 

148.  In  the  case  of  railway  trains,  the  atmospheric  re- 
sistance is  about  33  lbs.  when  the  train  is  moving  at  the 
rate  of  10  miles  per  hour.  It  has  been  found,  however,  by 
recent  experiment,  that  the  atmospheric  resistance  encoun- 
tered by  a  train  in  motion  depends  very  much  upon  the 
length  of  the  train. 

Example  150. — When  a  train  is  moving  at  the  rate  of  10 
miles  per  hour,  it  encounters  an  atmospheric  resistance  of  33 
lbs.;  what  will  be  the  resistance  of  the  atmosphere  when  the 
train  moves  at  the  rate  of  50  miles  per  hour  ? 

SOITTTION. 

Here  the  velocity  increases  lo  times,  i.  e,,  5  times. 
Hence  the  resistance  increases  5^  times  =  25  times. 
.  ■.  Resistance  =  33  X  25  =  825  lbs.,  i.  e.,  825  units  of  work  are  expended 
every  foot  in  overcoming  the  atmospheric  resistance. 

Example  151. — If  a  train  moving  T  miles  per  hour  meet  with 
an  atmospheric  resistance  equal  to  5  lbs.  ;  what  resistance  will  it 
encounter  if  its  speed  be  increased  to  49  miles  per  hour? 

SOLUTION. 

Here  the  velocity  increases  7  times,  (t.  e.,  V") . 
Hence  the  resistance  increases  7*  =49  times. 

. '.  Resistance  =  5X49  =  245  lbs. ;  i.  e.,  245  units  of  work  are  expended 
every  foot  in  overcoming  the  atmospheric  resistance. 

Example  152.  If  a  railway  train  moving  at  the  rate  of  10 
miles  per  hour  encounters  an  atmospheric  resistance  of  33  lbs.; 
what  must  be  the  horse  powers  of  the  locomotive  in  order  that 
the  train  may  move  60  miles  per  hour,  neglecting  frictioa  and 
assuDtug  the  rail  to  be  level  ? 
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BOLUTIOIf. 

Here  the  velocity  is  increased  6  times,  since  ^  =  6. 

Then  the  resistance  is  increased  3S  times  (Art.  147). 

Hence  atmospheric  resistance  =  33X36  =  1188 lbs. ;  i.e.,  1188  units  of 

work  are  expended  in  moving  the  train  through  1  ft. 

»-      ,         ..  „    ^  X     •  ii-         1   •  ■     i        60X5280      ,„. 

dumber  of  feet  tram  moves  through  m  a  mmute  =  — — : —  =  5280. 

TJnits  of  work  required  per  minute ")  _  |iooy  tiooo 
to  overcome  atmospheric  resistance  S       iioo^^Oiiou. 

^  ■,,     ,  ,  X.  1188X5280       ,„„„„    , 

.  • .  H.  P.  of  locomotive  =  =:  190'08.  Ans. 

ooOOU 

Example  153. — What  must  be  the  H.  P.  of  a  locomotive  to 
move  a  train  at  the  rate  of  40  miles  per  hour  on  a  level  rail, 
taking  atmospheric  pressure  as  usual,  (i.  e.,  33  lbs.  when  train 
moves  10  miles  per  hour,)  and  neglecting  friction? 

SOLUTION. 

Here  velocity  increases  4  times,  and  hence  resistance  increases  16  times. 

Then  resistance  encountered  =  33X16  =  528  =  units  of  work  required 
per  foot. 

Feet  moved  over  per  hour  =  5280X40;  hence  units  of  work  per  hour  = 
5280X40X528. 

„  ^       528X40X5280       ,„  „,     . 

Therefore  H.P.=  -^^^;^^,^  =  56-32.  Ans. 

ExAifPLE  154. — "What  must  be  the  H.  P.  of  a  locomotive  to 
draw  a  train  whose  gross  weight  is  80  tons,  along  a  level  rail, 
with  the  uniform  velocity  of  40  miles  per  hour,  taking  atmos- 
pheric resistance  and  friction  as  usual  ? 

SOLUTION. 

.     ,        40X5280      „,,„ 
Feet  passed  over  per  minute  =  — — —  =  3o20. 

bU 
Work  of  friction  per  minute  =  80X7X3520  —  1971200  units. 
Work  of  atmospheric  resistance=33X16X3520=1858560  units. 

_  _,       Work  of  friction  +  work  of  atmospheric  resistance 

Therefore  H.P.  = Work  of  one  U.  P. 

^  1971200+1858560  ^  3_^9760  ^  ^^^^^ 

33000  33000 

Example  155. — "What  must  be  the  H.  P.  of  a  locomotive  to 
draw  a  train,  whose  gross  weight  is  125  tons,  along  a  level  rail 
with  the  uniform  velocity  of  42  miles  per  hour,  taking  friction  as 
usual,  and  assuming  that  the  atmospheric  resistance  encountered 
by  the  train  is  equal  to  10  lbs.  when  moving  at  the  rate  of  1 
miles  per  hour  ? 

solution. 

^     X  J  •      i.         42X5280       „„.„ 

Feet  moved  over  per  minute  =  — — - —  =  3696. 

60 
"Work  of  friction  per  minute  =  125X7X3696  =  3234000  units. 
"Work  of  atmospheric  resistance  per  minute=10X  36X3696=1330560  units. 

rrv,      TT  Tj  _  ^ork  of  friction  4-  work  of  atmospheric  resistance  _ 
Then  H.  P.  —  -^.^^.j^  ^,  ^^^  g  p  - 

32S4000+1330560  _  4564560  _ 

33000  '    33000    ^  "'' 
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'--^""^  -        EXERCISES.     -jjoooUi — *~ 

166.  If  a  train  encounters  an  atmospheric  resistance  of  Bibs. 
when  moving  at  the  rate  of  5  miles  per  hour,  what  re- 
sistance will  it  encounter  when  its  speed  is  increased  to 
45  miles  per  hour?  Ans.  648  lbs. 

157.  What  must  be  the  H.  P.  of  a  locomotive  to  draw  a  train  at 

the  rate  of  30  miles  per  hour  on  a  level  rail,  assuming  that 
the  atmospheric  resistance  is  equal  to  9  lbs.  when  the  train 
moves  6  miles  per  hour,  and  neglecting  friction  ? 

Am.  H.  P  =  3G. 

158.  What  must  be  the  II.  P.  of  a  locomotive  to  draw  a  train 

weighing  140  tons  along  a  level  rail  with  the  uniform 
velocity  of  36  miles  per  hour,  taking  friction  as  7  lbs.  per 
ton,  and  the  resistance  of  the  atmosphere  12  lbs.  when 
the  train  moves  9  miles  per  hour?     Ans.  II.  P.  z=  112-512. 

159.  A  train  weighing  200  tons  moves  along  a  level  rail  with  a 

uniform  speed  of  30  miles  per  hour  ;  what  are  the  H.  P. 
of  the  engine — friction  and  atmospheric  resistance  being 
as  usual?  Ans.  H.  P.  =  135-76. 


149.  If  a  body  be  moved  along  a  surface  without  fric- 
tion or  atmospheric  resistance,  the  units  of  work  performed 
are  found  by  multiplying  the  weight  of  the  body  in  lbs.  by 
the  vertical  distance  in  feet  through  which  it  is  raised. 

Thus,  if  a  body  weighing  12  lbs.  be  moved  200  feet  along  an  inclined  plane 
having  arise  of  19  feet  in  100,  the  units  of  work  performed  will  be  12X19X2 
=  456,  because  in  moving  up  the  plaue  200  feet,  the  body  is  raised  through 
19X2  =  38  feet. 

150.  When  a  train  is  moving  along  an  inclined  plane, 
and  the  inclination  is  not  very  great,  the  pressure  on  the 
plane  is  very  nearly  equal  to  the  weight  of  the  body. 
Hence  we  find  the  work  due  to  friction  by  Arts.  14.3-146, 
the  work  due  to  atmospheric  resistance  by  Art.  148,  a:nd 
the  work  due  to  gravity  by  Art.  149. 

Example  1 60. — A  train  weighing  90  tons  is  drawn  up  a  gradient 
having  a  rise  of  3  feet  in  every  1000  feet,  with  the  uniform  speed 
of  40  miles  per  hour — neglecting  friction  and  atmospheric 
resistance,  what  are  the  H.  P.  of  ^the  engine  ? 

SOLUTIOX. 

Weight  of  train  in  lbs.  =  90X2000  =  180000. 

T>.  ^i.        „  J  •     X        40X5280      „,„„ 

Feet  travelled  per  minute  =  — rr —  =  3520. 

bO 

Vertical  distance  moved  through  per  minute  =  -j-j^jj^  of  3520  — 10-56  ft, 
Units  of  work  due  to  gravity  per  minute  ==  10*56  X  180000. 

.    Ti  -D       10-66X180000       ,..„     . 

.     .  H.  P  ^ rr:  57  6.  Ant, 

33000 
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Example  161. — A  train  Nreighing  140  tous  moves  up  a  gradient 
having  a  rise  of  3  feet  in  1100  feet,  with  the  uniform  velocity  of 
36  miles  per  hour — neglecting  atmospheric  resistance  and  taking 
friction  as  usual,  what  are  the  H.  P.  of  the  locomotive? 

SOLTITIOy. 

Here  weight  of  train  in  lbs.  =  140X2000=  280000;  and  speed  per  minute 

36X5280        „,„„,    ^ 
=  — — —  =  3168  feet. 

bU 

The  units  of  work  due  per  minute  to  friction  —-  140X7X3168  =  3104640. 

Height  to  which  train  is  raised  per  minute  =  y^fVo  °^  ^'^^  ~  ^'^  ^* 

.Then  units  of  work  due  per  miuute  to  gravity  =  8'64X 280000  =  2419200. 

.    -a  x>  —  ^o''k  due  gravity +work  due  friction 3104640+2419200 

■  ■      '    ■  ~  \Vor¥ofoneH,  V.  "~  33000  ~ 

5523840       ,„^ 
-^^^  =  167-389.  ^«s. 

Example  162. — Atrain  weighing  100  tons  moves  up  a  gradient 
with  a  uniform  velocity  of  30  miles  per  hour,  the  rise  of  the  plane 
being  3  feet  in  1000  feet,  and  taking  friction  and  atmospheric 
resistance  as  usual,  what  are  the  H.  P.  of  the  locomotive? 

SOLUTION. 

Here  weight  of  train  in  lbs.  =  100  X  2000  =  209000 ;  space  passed  per 
minute  =  — -- —  =  2640  ft.,  and  elevation  of  train  per  minute  =  yooo 

of  2640  =  7-92  ft. 
Work  of  friction  per  minute  =  100X7X2640  =  1848000  units. 
Work  of  atmospheric  resistance  per  minute =33X9X2640  =  784080  units. 
Work  of  gravity  per  minute  =  7'92  X  200000  —  1584000  units. 

rpi^        TT  n       Workdue  tofric.  permin.-f-worV  daetoatmos.  resist.  permin.~pwork  dueto  erar.  p«riliin. 
J.  hen  n.y.~  UnifofworkiDoaeH.  J-. 

.  ,  „  _   1848000+784080+1584000   4216080   „^  _   . 

.  H.  P.= ■ ■ =  -rr;— r-  =  127  76.  Alls. 

33000  33000 

Example  163. — A  train  weighing  130  tons  descends  a  gradient 
having  a  rise  of  7  ft.  in  2000  ft.  with  the  uniform  velocity  of  60 
miles  per  hour — taking  atmospheric  resistance  as  usual,  and  the 
coefficient  of  friction  yooi  "^hat  are  the  horse  powers  of  the  loco- 
motive ? 

solution. 

Here  weight  of  train  in  lbs.  =  130X2000  =  260000 ;  space  passed  over  per 
minute  = — ^^y-^  =5280  ft. ;  increase  in  the  velocity  =  ^g  =  6;  and  verti- 
cal fall  of  train  per  minute  =  -^^  of  5280  ft.  =  18-48  ft. 

Then  work  of  friction  per  minute  =  -J-jX 260000X5280  =  1300X5280  = 
G864000  units. 

Work  of  atmospheric  resistance  perminute=33X36X5280=6272640 units. 

Work  of  gravity  per  minute=18-48X260000=4804800  units. 

Then,  since  the  train  descends  the  gradient,  gravity  acts  with  the  engine. 

„         TT  T,      Work  of  friction+work  of  atmos.  resist.— work  of  gravity. 

xlence  ±1,  r, —  ^^ — ;^ — ; tt~t> — — — — — — ^— 

Work  of  one  H.  P 

•      H  P  —  6864000+6272640-4804800  _  8331840  __  ^^^.^    ^^^ 
■    ■         •     '  33Q(,(j  "    33000     ^ 
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Example  164. — A  train  weighing  80  tons  moves  along  a 
gradient  with  the  uniform  speed  of  40  miles  per  hour — assuming 
the  inclination  of  the  gradient  to  be  3  ft.  in  1000  ft.,  and  taking 
friction  and  atmospheric  resistance  as  usual,  what  will  be  the 
H.  P.  of  the  locomotive  : 

1st.  If  the  train  move  up  the  gradient,  and 
2d.   If  the  train  move  down  the  gradient  ? 

SOLUTION, 

Here  weight  of  train  in  lbs.  =  80X2000  =  100000;  space  passed  over  per 

minute  =  — — —  =  3520  ft. ;  velocity  is  increased  -ffi  =  i  times,  and  ver- 

60  ' " 

tical  ascent  or  descent  of  train  j-)^ffo  °^  "^'^^O  =  10"56  ft. 
Work  of  friction  =  80X7X3520  =  1971200  units  per  minute. 
Work  of  atmospheric  resistance  =:  33X16X5520  =  18585G0  units  per  min. 
Work  of  gravity  =  10'5CX  160000  =  1089600  units  per  minute. 

Work  of  friction+work  of  atmos.resist.jlwork  of  gi'avity. 


Work  of  one  H.  P. 
197 1200+1858560+1 6S9fi00 


33000  '   33000 


Then  II.  P. - 

Train  ascending,  H.I'.: 

n,     .      ,  „        TT    T.       1971200+1858560—1689600      2140160      ^,,  ..„ 

Tram  descending,  H.  P.  = ■ = =;  6I'8d3. 

33000  33000 

Example  165. — A  train  weighing  110  tons  ascends  a  gradient 

having   a   rise   of  |   in    100 — taking   friction    as   usual,    and 

neglecting  atmospheric  resistance,  what  is  the  maximum  speed 

the  train  will  attain  if  the  H.  P.  of  the  locomotive  be  120  ? 

SOLUTIOir. 

Here  weight  of  train  in  lbs.  —  110X2000  =  220000. 
Work  of  friction  in  one  mile  =  110X7X5280  =  4065600  units. 
Work  of  gravity  in  one  mile  =  «  o  o  of  5280  =6'6X220000  =  1452000  units. 
Total  work  of  resistance  in  1  mile  =  4065000+1452000  =  5517600  units. 
Total  work  of  engine  per  hour  =  33000X60X120  =  237600000  units. 
.     >.      ,        p     .,  ,  237600000      ,„„„    , 

..   ^umbcrof  miles  per  hour  =  ———— -  =  43  00  Ans. 

Example  166. — If  a  horse  exert  a  traction  of  120  lbs.,  what 
gross  load  will  he  pull  up  a  hill  whose  rise  is  17  feet  in  1000  ft., 
assuming  the  coefficient  of  friction  to  be  -j'j  ? 

SOLCTIOIf. 

Work  of  horse  in  moving  the  load  over  1000  ft.  =  120X1000  =  126000  units. 
Work  of  friction  in  moving  1  lb.  over  1000  ft.  =  1  X'lVxiOOO  =  100  units. 
Workof  gravity  in  moving  1  lb.  over  1000  ft.  =         1  x  17  —  17  units. 
Total  work  in  moving  1  lb.  over  1000  ft.  =  work  of  friction  +  work  of 
gravity  =  100+17  =  117  units. 
. ".  Number  of  lbs.  drawn  by  horse  =  OQ  aoii  =  1025"C41 .  Ans. 

Example  167. — What  backward  pressure  is  exerted  by  a  horse 
in  going  down  a  hill  which  has  a  rise  of  1  feet  in  100,  with  a 
load  whose  gross  weight  is  2000  lbs.,  assuming  -j"-  to  be  coeffi- 
cient of  friction  ? 
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SOLUTION. 

Here  on  a  level  plane  the  friction  would  be  -is  of  2000  lbs.  =  67'14  lbs.  =• 
units  of  work  for  each  foot. 

Work  of  gravity  =  Too  of  2000  =  140  units  to  each  foot. 
Therefore,  the  backward  pressure  is  140— 57'14  =  82'S6  lbs.   Ans. 

EXERCISES. 

168.  What  backward  pressure  will  a  horse  exert  in  going  down 

a  hill  which  has  a  rise  of  9  feet  in  100,  with  a  load  whose 
gross  weight  is  1200  lbs.,  assuming  the  coefficient  of  fric- 
tion of  the  road  to  be  3*u?  jlns.  68  lbs. 

169.  What  gross  load  will  a  horse  exerting  a  traction  of  150  lbs. 

draw  up  a  hill  whose  inclination  is  3  in  100 — assuming 
the  coefficient  of  friction  to  be  -jV?  jItis.  1551-73  lbs. 

170.  What  will  be  the  maximum  speed  attained   by  a  train 

weighing  200  tons,  drawn  by  a  locomotive  of  160  H.  P. 
up  a  gradient  having  a  rise  of  ^  in  100 — taking  friction 
as  usual  and  neglecting  atmospheric  resistance  ? 

jlns.  29-032  miles  per  hour. 

171.  A  train  weighing  88  tons  moves  up  a  gradient  having  a  rise 

of  ^  in  100  with  the  uniform  velocity  of  20  miles  per  hour 
— taking  friction  and  atmospheric  resistance  as  usual, 
what  are  the  H.  P.  of  the  locomotive  ? 

Ans.  H.  P. =  71-182. 

172.  A  traiu  weighing  95  tons  descends  a  gradient  having  a  fall 

of  §  in  1000  with  the  uniform  speed  of  40  miles  per  hour — 
taking  friction  and  atmospheric  resistance  as  usual,  what 
are  the  H.  P.  of  the  locomotive  ?      Jns.  H.  P.=  113-742. 

173.  A  train  weighing  125  tons  moves  along  a  gradient  having 

a  rise  of  i  in  100  with  the  uniform  speed  of  25  miles  per 
hour — taking  friction  and  atmospheric  resistance  as  usual, 
what  are  the  H.P.  of  the  engine, 

1st.  When  the  train  ascends  the  gradient? 

2d.  When  the  train  descends  the  gradient? 
Jlns.  Going  up,  H.P.=113-75  ;  going  down,  H.P.  =30-416. 


151.  For  finding  tlie  H.  P.,  maximum  speed,  weight  of 
train,  &c.,  as  in  the  foregoing  examples,  by  representing 
the  variable  quantities,  such  as  weight,  rate  of  motion,  in- 
clination of  plane,  &c,  by  letters,  we  may  easily  deduce 
formnlas  by  means  of  which  the  work  required  to  solve 
such  problems  will  be  very  materially  abbreviated. 
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Thus,  since  the  number  of  feet  moved  per  minute  is  always  = 

rate  per  hour  in  miles  X  5280  ^  ,         ,        .,  5280 

• =  rate  per  hour  m  miles  x 

,60  ^  60 

=  rate  per  hour  in  miles  x  88  ;  therefore,  whatever  may  be  the 

rate,  88  is  a  constant  multiplier. 

Let  r  =*  rate  per  boar  in  miles,  then  88/'=rate  per  rain. in  ft. 
w  =  weight  of  train  in  tons,  then  2000io  =  weight  of 

train  in  lbs. 
h  =  rise  of  the  plane  in  every  100  feet, 
/=  friction  per  ton. 

^==  given  atmospheric  resistance  at  given  speed,  s. 
Then  units  of  work  due  per  minute  to  friction  =/u)X88r. 

h 
"  "  to  gravity  =  2000w  X  -r^-x-  - 

X  88  r  =  20  hw  X  88  /•. 
Units  of  work  due  per  min.  to  atmos.  resist.  =  JR  | — j   x  88/-. 
Units  of  work  per  min.  in  given  H.  P.  =  H.  P.  X  33000. 
HenceH.  P.X33000=/ii)X88r+i?rYJ    X    88r  ±  20A«;  x  88r, 

and,  factoring  this,  we  got : 

H.   P.  X  33000  =  (fw  +  R   (-fy±  20Am;)  88r. 

ny  88r 

Therefore  H.P.=  (>  +  i?  (^yj  ±  20aw)  — -y. 

Or  H.  P.  =  0+i?(y)  ±  20  hw)Y^Y  (^)- 

From   this    we  obtain  by  transposition  and  reduction,  and 
neglecting  atmospheric  resistance, 
H.  P.  X375 

_  H.  P.  X  S15 

'"  —T/±2Qh)w~  <^^^^^- 

Since/  is  commonly  ~  7,  iZ  =  33.  and  5  =  10,  these  formulas  become 
respectively, 

H,P.=  (7w-i--33r2i20Atc)-^  (IV.) 

.  -H.P.X375  ^^^        ; 

^_H.P.X375  (YI,^ 

(7  ^20ft)  If 
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EzAUPLB  174. — A  train  weighing  140  tons  moves  along  a 
gradient  having  a  rise  of  ?  in  100  with  the  uniform  speed  of  30 
miles  per  hour ;  taking  friction  and  atmospheric  resistance  aa 
usual,  what  are  the  H.  P.  of  the  locomotive  ;  1st,  when  the  train 
moves  up  the  gradient  ?  2d,  when  the  train  moves  down  the 
gradient  ? 

80LUTI0K, 

Here  w  =  140,  r  =  Z^,h  =  \. 

H.  P.  =  (7W+-33/-2  t  20Am;)^ 

o75 
=  (7X140+-33X302  1  20XJX140) -/a,- 

=  (980+297  ±700)|g 

1977X2        577X2 

:= or  

25  25 

—  158-16  or  46-16.  Ans. 

Example  175. — A  train  drawn  by  a  locomotive  of  80  H.  P. 
moves  along  an  inclined  plane  having  a  rise  of  5  in  100  with  a 
uniform  velocity  of 45  miles  per  hour;  taking  friction  as  usual 
and  neglecting  atmospheric  resistance,  what  is  the  weight  of  the 
train  ? 

SOLCTIOS. 

Here  H.  P.  =  80,  r  =  45,  and  h  =  e  • 

_,,        ,      ,  ,     /T-  X  H.  P.X375  80X875  30000 

Then  by  formula  (V.)«,=  — ^3^  =-^^^^^^  =  -^^^3^3    = 

SOOOO           30000          30000          30000         „        ,        .,  .u    .    •    • 
or = or =  o4'51  tons  if  the  train  is  fcovae 

10JX45  32X45  465  165  "•'^"""^         luc  nam  la  eumg 

up  the  gradient,  or  181'81  tons  if  the  train  is  going  down  the  j^radient. 

For  practice  in  the  application  of  these  formulas,  work  any  of  the  fore- 
going problems. 


THE  MODULUS  OF  A  MACHINE. 

152.  The  Modulus  of  a  machine  is  the  fraction  which 
expresses  the  value  of  the  work  done  compared  with  the 
work  applied,  the  latter  being  expressed  by  unity. 

Thus  if  4  of  the  work  applied  to  a  machine  be  lost  in  transmission,  the 
modulus  or  useful  work  of  that  machine  is  f ;  if  f  be  lost  in  transmission, 
the  modulus  of  the  machine  is  %  &c. 

163.  The  amount  of  work  lost  depends  on  friction, 
rigidity  of  cordage,  <fec.,  and  in  some  machines  is  more  than 
half  of  the  whole  work  applied.  The  following  table  g^ives 
the  moduli  of  machmes  for  raising  water  • 
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-    TABLE  OF  MODULI. 
MACHINE.  MODULUS. 

Inclined  chain  purap, f 

Upright  "  ^ 

Bucket  wheel, x 

Archimeilian  screw, y o 

Pumps  for  draining  mines, | 

Example  176. — If  7  H.P.  be  applied  to  an  upright  chain  pump, 
how  many  gallons  of  water  will  be  raised  per  hour  to  the  height 
of  50  feet? 

SOLUTION. 

Work  applied  per  hour  =33000  X  7  X  60. 

Work  done  =,  33000  X  7  X   60  X  i,  since  the  modulus  of  the  upright 
chain  pump  is  i, 
"Work  expended  in  raising  1  gallon  of  water  50  feet  =  10  X  50, 

XT      u       f     u  33000X7X60Xi      ,„„^„     ^ 

•.  Number  of  gallons  = ^ — =13860.  Ans. 

10  X  50 

Example  177. — What  must  be  the  H.  P.  of  an  engine  to  pump 
9000  cubic  feet  of  water  per  hour  from  a  mine  whose  depth  is 
110  feet? 

SOLUTION. 

Work  of  raising  water  per  hour  =  9000x62^X110. 
Effective  work  of  one  H.  P.  per  hour  =  33000X60Xf. 
_    9000  X62i  XllO   __   6187.5000   _ 
■•    "•■^•-    33000  X  60  X  I    ~    1320000    ~   ^^•^''•''   '*"*■ 


WORK  OF  WATER. 

154.  When  water  falls  from  a  height  upon  the  float, 
boards  of  a  wheel,  &c.,  the  quantity  of  work  it  performs 
is  found  by  multiplying  the  weight  of  the  water  by  the 
height  tlirougli  which  it  falls.     (See  Chap.  VIII.) 


STEAM  ENGINES  AND  WORK  OF  STEAM. 

155.  A  constant  power  is  obtained  from  the  confine- 
ment and  regulated  escape  of  steam  in  the  various  kinds 
of  steam  engines. 

156.  Steam  engines,  though  diftering  very  materially 
from  one  another  in  detail,  are  all  modifications  of  two 
distinct  machines,  viz : — 
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let.  The  high  pressure  steam  engine,or  non-condensing 

engine. 
2nd.  The  low  pressure  steam  engine,  or  condensing 

engine. 

157.  The  high  pressure  engine,  which  is  the  simpler 
form  of  the  two,  consists  essentially  of  a  strong  vessel  or 
boiler  in  which  the  steam  is  generated,  a  cylinder,  in  which 
a  tightly  fitting  piston  moves  backwards  and  forwards,  an 
arrangement  of  valves  so  adjusted  as  to  admit  the  steam 
alternately  above  and  below  the  piston  and  also  alternately 
open  and  close  a  way  of  escape  into  the  air,  and  lastly 
various  contrivances  by  which  the  oscillations  of  the  piston 
may  be  converted  into  other  kinds  of  motion  suited  to 
the  work  the  engine  is  to  perform. 

158.  In  the  low  pressure  engine,  the  space  into  which 
the  steam  drives  the  piston  is  converted,  by  means  of  a 
condensing  chamber,  into  a  vacuum,  so  that  the  motion  of 
the  piston  is  not  resisted  by  atmospheric  pressure,  and 
steam  generated  at  a  low  temperature  can  therefore  be  used. 

159.  The  varieties  of  the  low  pressure  engine  are  chiefly 
two, — the  single  acting,  and  the  double  acting  engine. 

160.  In  the  single  acting  engine  the  piston  is  driven 
forward  by  means  of  steam  acting  against  a  vacuum,  and 
backward  by  tlie  counterpoising  weight  of  the  machinery. 
The  machine  is  therefore  in  action  only  half  the  time  of  the 
movement. 

161.  In  the  double  acting  engine  the  piston  is  driven 
both  backward  and  forward  by  the  steam  acting  against  a 
vacuum  on  the  opposite  side,  and  the  machine  therefore 
acts  continuously. 

162.  In  the  high  pressure  engine  the  piston  moves  both 
forwards  and  backwards  against  the  pressure  of  the  air. 

163.  The  following  are  the  leading  ideas  that  enter  into 
the  construction  and  operation  of  the  steam  engine. 

I.  When  steam  is  condensed,  a  vacuum  is  produced  into  which  the  adja- 
cent bodies  have  a  tendency  to  rush. 

II.  "When  cold  water  is  placed  iu  contact  with  steam, it  condenses  it  with 
great  rapidity,  producing  a  vacuum  ;  and  this  vacuum  may  be  produced 
without  coolinR  the  cylinder  containing  the  steam,  if  a  communication  b© 
kept  up  between  this  and  a  vessel  containing  water. 
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III.  The  vapour  of  water  exerts  a  considerable  pressure  even  at  compara- 
tivelv  low  temperatures  ;  for  example,  far  below  its  boiling  point. 

1  v.  If  the  pressure  exerted  by  the  piston  on  a  quantity  of  steam  confined 
in  a  cylinder  be  less  than  the  elastic  force  of  the  steam,  the  steam  will 
expand  and  give  motion  to  the  piston. 

V.  If  a  vacuum  be  produced  in  a  cylinder  behind  the  piston,  the  atmos- 
pheric pressure  will  drive  the  piston  backwards. 

VI.  The  same  quantity  of  fuel  will  convert  the  same  quantity  of  water 
into  steam  whatever  may  be  the  pressure  on  its  surface. 

VII.  The  higher  the  pressure  under  which  steam  is  generated,  the  smaller 
its  bulk,  and  the  greater  its  elastic  force. 

VIII.  The  same  quantity  of  water  coirverted  into  steam  at  any  pressure 
will  produce  the  same  mechanical  effect ;  i.  e.,  if  the  pressure  be  low,  the 
steam  generated  is  large  in  quantity  and  possessed  of  comparatively  little 
elastic  force ;  if  the  pressure  be  high,  the  steam  generated  is  of  small  quan- 
tity, but  of  high  elastic  force. 

164.  High  pressure  engines  are  commonly  used  where 
it  is  desirable  to  have  the  engine  as  simple,  cheap,  compact, 
and  light  as  possible,  as  the  condensing  apparatus  renders 
the  engine  more  costly  and  cumbrous.  The  high  pressure 
engine  is,  however,  far  more  liable  to  burst  and  get  other- 
wise out  of  repair. 

165.  The  units  of  work  performed  per  minute  by  a 
steam  engine  are  found  by  multiplying  together  the  pres- 
sure per  square  inch  on  the  boiler,  the  area  of  the  piston  in 
inches,  the  length  of  the  stroke  of  the  piston  in  feet,  and 
the  number  of  strokes  per  minute. 

Thus  let  the  pressure  exerted  on  each  square  inch  of  the  piston  be  30 
lbs.,  and  let  the  piston  make  40  strokes  per  minute  of  3  ft.  each,  also  let 
the  area  of  the  piston  be  100  square  inches : 

Now  if  a  weight  of  30  lbs.  be  placed  on  each  square  inch  of  the  surface 
of  the  piston,  the  elastic  force  of  the  steam  will  be  just  sufficient  to  lift  the 
loaded  piston  through  the  length  of  the  stroke  in  opposition  to  gravity,  then 
the  work  performeof  on  1  sq.  in.  of  the  piston  would  be  30X3  for  each  stroke. 
Work  performed  on  whole  piston  would  be  30X3X100  for 'each  stroke. 
Work        "  "       "         "  "  30X3X100X40  per  minute. 

166.  In  the  high  pressure  engine,  the  pressure  of  the 
atmosphere,  about  15  lbs.  to  the  square  inch,  acts  in  op- 
position to  the  pressure  of  the  steam;  and  in  the  low-pres- 
sure or  condensing  engine  a  pressure  of  about  4  lbs.  to  the 
square  inch  of  the  piston  is  exerted  by  the  vapour  in 
the  condensing  chamber.  Besides  these,  a  resistance  of  1  lb. 
per  square  inch  is  commonly  allowed  for  the  friction  of 
the  piston.  Deducting  these  allowances  from  the  total  pres- 
sure, we  obtain  the  effective  pressure  ;  and  we  must  further 
make  an  allowance  of  |  of  this  for  the  friction  of  the 
whole  engine^ 
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Thus  in  the  high  pressure  engine : 

Load  + 1  load  +     +15=  whole,  pressure. 

In  the  condensing  engine  : 

Load  +  -1  load  +  1  +  4  =  vjliole  pressure. 

For  example,— if  the  whole  pressure  he  58  lbs.  per  square  inch, 
Then  for  the  high  pressure  engine  58—1—15=42  is  the  working  pres- 
sure on  the  piston,  and  42  is  |-  (i.  e.,  load  +  \  load)  of  the  useful  pressure 
and  hence  useful  or  effective  pressure=42-f-f =365 , 

For  the  low  pressure  engine  58—1—4  =  53  =  working  pressure  on  the 
piston,  and  53  is  ^  of  the  useful  pressure.  Therefore  useful  or  effective 
pressure  is  53  -r  |  =  46  ■'i, 

167.  For  finding  the  H.  P.  of  a  steam  engine,  let  p  = 
useful  pressure  in  lbs.  on  each  square  inch  of  the  piston, 
a  =  area  of  piston,  I  =  length  of  piston  stroke  in  feet, 
and  11  .-=  number  of  strokes  per  minute. 

ThenH.P.=.^.  (L) 
33000    ^    ^ 

H.  P,X 33000   ,^^- 

P'  = ^n •  ("•> 

H.  P.X33000 

2)ln  ' 

H.  P.X33000    .^_. 

"= — yai — '^^^-^ 

^       H.  P.X33000 

pan 

Example  178. — The  piston  of  an  engine  has  an  area  of  250 
inches,and  makes  110  strokes,  of  5  feet  each,  per  minute — taking 
the  useful  pressure  of  the  steam  as  28  lbs.  per  sq.  inch,  what  are 
the  H.  P.  of  the  engine  ? 

SOLUTIOX. 

Hero  p~28,a  =  260,  n  ~  110,  and  I  —■  5. 

,    T^TTT,         28X250X110X5         ,,.,      . 
Then  (formula  I.)  H.  P.  =  -— -■ =  ncj.  Ans. 

Example  If 9. — The  piston  of  a  high  pressure  engine  has  an 
area  of  1200  inches  and  makes  in  each  minute  30  strokes  of  7 
feet  each — taking  tl)e  gross  pressure  of  the  steam  as  48  lbs.  per 
square  inch,  Tvlmt  nre  the  H.  P.  of  the  engine? 
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SOLUTION. 

llcro  18  =i3-I-}i)+lu+l,orTi'  =  32,  and  hence  23  —  32-=-f  —  23  lb"*. 

Then  p  ==  28,  a  =  1200,  n  —  30,  and  I  —  7. 

1,    i,          ,    T    TT  r.        28X1200X30x7  ,,  ,  ,,      , 

By  formula  I.,  II.  P.      —  -  ■     =210-S1.  Aits. 

Example  180. — The  piston  of  a  low  pressure  engine  lias  a 
diameter  of  20  ins.  and  makes  60  strokes  of  4  ft.  each,  per  minute 
— the  pressure  of  the  steam  on  the  boiler  is  45  lbs.  to  the  sq. 
inch,  what  are  the  H.  P.  of  the  engine? 

SOLCXIOX. 

Here  4.5  =  p+tpH-I+I,  or  ^p  =  40,  and  hence  p  — •  40-rf  =  3.5- 
a*  =  102x3-1416  =  100X3'1'116  =  314-16. 
Then  p  =  35,a  —  314-16,  n  =  60,  and  I  —  4. 
„  „       35X314-16X60X4       „.„„„     . 
«•  ^-  = 33^00 =  ^^''^-  ^"^'- 

Example  181. — In  a  steam  engine  of  32  horse  power,  the  area  of 
the  piston  is  500  inches,  the  length  of  the  stroke  4  feet,  and 
the  useful  pressure  of  the  steam  33  lbs.  to  the  sq.  inch,  how 
many  strokes  does  the  piston  make  per  minute  ? 

SOLUTION. 

Here,  H.  P.  =  32,  a  =  500, 1  =  4,  and  p  =  33 

_.        ,,  ,    „^.  n.P.X33000       32X33000        ,^    , 

Then  (formula  IV.)  n  = = =  — =  16  Ans. 

^  pal  500X4X33 

Example  182. — In  a  low  pressure  steam  engine  of  190  H.  P.  the 
area  of  the  piston  is  1000  inches,  the  length  of  stroke  6  feet, 
and  the  number  of  strokes  per  minute  110,  what  is  the  useful 
pressure  per  square  inch  on  the  piston,  and  also,  what  is  the 
gross  pressure  of  the  steam  ? 

SOLUTIOIT. 

Here,  H.  P.  =  190,  a  =  1000,  ?  =  6  and  w  =  IOC. 

r.M        /T.  1    TT  ^  190X33000        „,  ,,  ,  , 

Thou  (Formula  II.)  p  =  — — -  =9|  lbs.  =  useful  pressure. 

And  pressure  on  boiler  (Art.  166)  =  9^+1  of  9i+4+l=  15f  lbs. 

Example  183. — lu  a  high  pressure  engine  the  piston  has  aa 
area  of  800  inches,  and  makes  40  strokes  per  minute,  of  10  feet 
each,  what  must  be  the  pressure  of  the  steam  on  the  boiler 
in  order  that  the  engine  may  pump  120  cubic  feet  of  water 
per  minute  from  a  mine  whose  depth  is  400  feet — making  the 
usual  allowance  for  friction  and  the  modulus  of  the  pump  ? 


•  "When  the  diameter  of  the  piston  is  given,  its  area  is  found  by  multiply- 
ing tlie  square  of  half  the  diameter  by  3'1416, 
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60LUII0K. 

Here,  work  done  per  minute  =  120X62'5X400  =  3000000  units. 
Work  applied,  i.  e.,  -work  of  engine  =  3000000-f-|  —  4500000  units  =  H.  P. 
X  33000. 

m, .     T,  1    TT  H.  P.X33000         4500000  , ,  ,  ,,  .  , 

Then  by  Formula  II.  p  — = =  i4-,Vlb8.=u8eft»l 

■'  ahi  800X10X40  '« 

pressure. 

And  Art,  166,  gross  pressure  —  14^-^+1  of  I4jlg+15+1  =  32^2^  lbs.  Ans. 

Example  184. — The  piston  of  a  high  pressure  engine  has  an 
area  of  600  inches,  and  makes  20  strokes  per  minute,  each  8  ft. 
in  length,  gross  pressure  of  the  steam  52  lbs.  to  the  square  inch. 
How  many  gallons  of  water  per  minute  will  this  engine  pump 
from  a  mine  whose  depth  is  500  feet,  making  the  usual  allow- 
ance for  friction  and  the  modulus  of  the  pump  ? 

SOLUTIOir. 

Here  a  =  600,  Z  =  8,  n  =  20,  and  since  52  =p  -r  \p  +  15  +  I  ■  fp  ~  36, 
and  p  =  31i. 

Work  of  engine  per  niinute=i>a;»  =  31^X600X8X20  :=:  3024000. 

Useful  work  per  minute  =  3024000  Xf  =  2016000. 

Work  of  pumping  1  gallon  of  water  to  height  of  500  feet  =  10X500  = 
5000  units. 

.'.  No.  of  gallons  pumped  per  minute  =  ^^(^'y^^  =  403^  Ans. 

EXERCISES. 

185.  The  piston  of  a  low  pressure  steam  engine  is  40  inches  in 
diameter  and  makes  40  strokes  of  5  feet  each  per  minute  ; — 
the  gross  pressure  of  the  steam  is  37  lbs.  per  square  inch  ; 
what  are  the  H.  P.  of  the  engine  ?  Jlns.  213-248. 

186.  The  piston  of  a  high-pressure  engine  is  20  inches  in  diame- ^  [^ 
ter  and  makes  50  strokes  of  4  feet  per  minute  ;  taking  the  -^  ki 
gross  pressure  of  the  steam  as  40  lbs.  per  square  inch  and/^  ^ 
making  the  usual  allowance  for  friction,  what  are  the  H.  P.  \'"^ 
of  the  engine  ?  ^ns.  39-984. 

187.  The  piston  of  an  engine  has  an  area  of  2400  inches  and 
makes  16  strokes  per  minute,  each  10  feet  in  length  ;  the 
useful  pressure  of  the  steam  on  the  piston  is  20  lbs.  per 
square  inch,  what  are  the  H.  P.  of  the  engine? 

.dns.  232-72. 

188.  In  a  high  pressure  engine  of  140  H.  P.  the  piston  has  an 
area  of  1000  inches,  and  makes  20  strokes,  of  5  feet  each,  per 
minute  ;  what  is  the  useful  pressure  of  the  steam  on  the 
piston  and  also  the  gross  pressure  per  square  inch? 

./?7ij.  Useful  pressure  =  46-2  lbs.  per  sq.  in. 
Gross  pressure  =:  68-8  lbs.  per  »q.  in. 
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189.  In  a  low  pressure  engine  of  100  H.  P.  the  piatou  has  au 
area  of  200  inches  and  makes  40  strokes  per  minute;  the 
gross  pressure  of  the  steam  is  45  lbs.  per  square  inch. 
Required  the  length  of  the  stroke  made  by  the  piston? 

Ans.  11-785  feet. 

190.  In  a  high  pressure  engine  of  80  H.  P.  the  piston  makes  44 
strokes  per  minute,  each  6  feet  in  length,  and  the  gross  pres- 
sure of  the  steam  is  56  lbs.  per  square  inch.  What  is  the  area 
of  the  piston?  jlns.  285-714  sq.  in. 

191.  How  many  cubic  feet  of  water  may  be  pumped  per  minute 
from  a  mine  whose  depth  is  500  feet  by  an  engine  in  which 
the  piston  has  an  area  of  2000  inches,  and  makes  30  strokes 
per  minute,  each  8  feet  in  length,  the  useful  pressure  of  the 
steam  being  40  lbs.  per  square  inch,  and  the  usual  allow- 
ance being  made  for  the  modulus  of  the  pump? 

jlns.  409-6  cubic  feet. 


168.  In  all  the  modifications  of  the  steam  engine,  the 
real  source  of  work  is  the  evaporating  power  of  the  boiler; 
the  amount  of  work  done  by  the  engine  depending  not  only 
upon  the  rapidity  with  which  the  water  is  evaporated,  but 
also  upon  the  temperature,  and  consequently  the  pressure 
under  which  the  steam  is  produced.  The  following  is  a 
specimen  of  an  experimental  table,  given  by  Pambour, 
showing  the  relation  between  the  pressure,  temperature,  and 
volume  of  the  steam  produced  by  one  cubic  foot  of  water. 
By  means  of  this  table,  we  are  enabled  to  ascertain  the 
volume  of  the  steam  produced  by  a  given  quantity  of  water, 
■when  we  know  the  pressure  or  temperature  under  which  it 
is  formed. 

Note  l. — The  first  column  gives  the  pressure  in  lbs.  to  the  square  inch 
under  which  the  steam  is  producedjthe  second  column  shows  the  correspond' 
ing  temperature,  as  indicated  by  Fahrenheit's  thermometer;  and  the  third 
column,  the  volume  of  the  steam  compared  with  the  volume  of  the  water 
which  produced  it.  It  will  be  observed  that  the  lower  the  temperature,  or 
what  amounts  to  the  same  thing,  the  less  the  pressure  under  which  the 
steam  is  formed,  the  greater  its  volume.  Thus  under  the  usual  atmospheric 
pressure  of  15  lbs.  to  the  square  inch  (or  at  the  common  temperature  of 
boiling  water,  212"  or  213"  Fahr.),  a  cubic  foot  of  water  produces  1669  cubic 
feet  of  steam.  If,  however,  the  pressure  be  decreased  to  1  lb.  to  the  square 
inch,  the  steam  is  formed  at  the  temperature  of  10.3°  Fahr,  and  occupies 
2095i  cubic  feet ;  while  if  the  pressure  be  increased  to  30  lbs.  to  the  square 
inch,  the  temperature  required  for  the  production  of  the  steam  rises  to  251° 
Fahr.  and  the  steam  only  occupies  882  cubic  feet. 

Note  2. — It  has  been  shown  by  numerous  experiments  that  the  quantity 
of  fuel  requisite  for  the  evaporation  of  a  given  quantity  of  water  is  in- 
variably the  same,  no  matter  what  may  be  the  pressiire  under  which  the 
steam  is  produced.  Hence  it  is  obvious  that  it  is  most  advantageoui  to 
employ  steam  of  a  high  pressure. 
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TABLE 

STIOM'IlfG  THE  VOLUME    OF    STEAM   PEODUCED   BT    ONE  CUBIC  FOOT  0? 
WATER  AT  THE  COKEESPOyDIJfG  PEES8CEE  AND  TBMPERATCEE. 


o 

11 
1^  2  s.' 

Et-  r-  C3 

VoLtJMH  of  steam 
comp'd  with  that 
of  the  water  pro- 
ducing it. 

i| 

fS  3 
0 

§1 
M  «  J- 

^^1 

Volume  of  stoam 
comp'd  with  that 
of  tho  water  pro- 
ducing it. 

1 

1030 

20954 

55 

288° 

506 

5 

1G1» 

462i 

60 

294° 

467 

10 

192° 

2427 

65 

299° 

434 

15 

213° 

1689 

70 

304° 

406 

20 

228° 

1280 

75 

309° 

381 

25 

211° 

1042 

SO 

313° 

859 

30 

251« 

882 

85 

318° 

340 

35 

260° 

765 

90 

322° 

323 

40 

26S» 

677 

95 

326° 

807 

45 

276° 

608 

100 

330° 

293 

50 

282° 

552 

105 

333° 

281 

169.  If  we  let  a  =  area  of  the  piston  in  square  inches. 

I  =  length  of  stroke  made  by  the  piston. 

n  =  number  of  strokes  made  per  minute. 

2)  =  effective  pressure  to  each  sq.  inch 

of  the  piston, 
c  =  cubic  feet  of  water  evaporated  per 

minute. 
V  =  volume  of  one  cubic  foot  of  water 

in  the  form  of  steam  under  the 

given  pressure  p. 

Then  to  find  a,  I,  n,  p,  c,  or  v,  when  the  others  are  given, 
we  proceed  as  follows : 

When  p  is  given,  v  is  found  by  the  table. 
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Now  the  cubic  feet  of  water  evaporated  per  minute  =  cv. 
cubic  feet  of  steam  used  at  each  stroke  of  the  piston  = 

.  • .  cubic  feet  of  water  used  in  n  strokes  ==  —  ==  also. 

144 
the  steam  evaporated  or  used  per  minute. 

Hence  — — -  ==  cv.  and  from  this  by  reduction  we  obtain 

144  ■^ 

-_144cy_         144cy^  144c2'  nal  nal 

"     na    ^     ~    al     ^  nl    '^       144i»'  ''^"    ^^144c* 

AVhen  v  is  known  p  may  be  found  by  the  table. 
Example  192. — The  piston  of  a  steam  engine  has  an  area  of 
200  square  inches  and  makes  a  stroke  4  feet  in  length,  the  boiler 
evaporating  -^y^  of  a  cubic  foot  of  water  per  minute,  under  a 
pressure  of  40  lbs.  to  the  square  inch.  What  number  of  strokes 
per  minute  does  the  piston  make? 

SOLUTION. 

Here  a  =  200,  /  =  4,  <•  =  -,^  =  'S,  and  p  =  40 ;  also  from  table  v  —  677, 

lUcv       144X-3X677      „„  _„  „^,      , 

Then  «  =  — z--  =  — r- — - —  =  36-558  or  =  3ej.  Ans. 
al  200X4 

Example  193. — The  piston  of  a  steam  engine  has  an  area  of 
1000  inches  and  makes  10  strokes  per  minute,  each  3  feet  in 
length,  the  boiler  evaporates  *4  of  a  cubic  foot  of  water  per 
minute.  What  is  the  pressure  under  which  the  steam  is  gene- 
rated ? 

SOLUTION. 

Here  a  =1000,  l  =  Z,n  =10,  and  c  =  -4. 

nal      10X1000X3       .„,      ,  ,      .,     *  ui  •    i.  * 

Then  «  = :; —  = ; =  521,  whence  by  the  table,  p  is  between 

144c  144X"4 

50  and  55,  or  about  53  lbs. 

Example  194. — The  piston  of  a  steam  engine  has  an  area  of 
80  inches,  and  make  20  strokes  per  minute  ;  the  boiler  evaporates 
"i^fr  of  a  cubic  foot  of  water  per  minute  under  the  pressure  of  50 
lbs.  to  the  square  inch  ;  required  the  length  of  the  stroke  made 
by  the  piston. 

SOLUTION. 

Here  a=80,  «=20,  c=*l  and  p=50  and  (table)  «=552. 

Then  ?=^-M^  =iiir5:L^<!!!_=:4-968  ft.=4  ft.  Hi  inches.  Ans. 
na  20X80 

•  We  divide  by  144  because  a,  the  area  of  the  piston,  is  given  in  square 
inches,  while  I,  the  length  of  stroke,  is  given  in  feet.  To  find  the  cubic 
feet  of  steam  we  must  multiply  the  length  of  stroke  in  feet  by  the  area  of 

the  piston  in  square  feet :  i.e.,  by  — . 
144 
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Example  195. — The  boiler  of  an  engine  evaporates  f  of  a 
cubic  foot  of  water  per  minute  under  a  pressure  of  45  lbs.  to  the 
square  inch  ;  the  piston  has  an  area  of  250  inches  and  makes  a 
stroke  4  feet  in  length.  Required  the  number  of  strokes  made 
by  the  piston  per  minute. 

SOLCTIOK. 

]Icrea=250,  l—-i,  c='4i,  ^3=45,  and  hence  (table)  t'=^608, 

,,,,  144cr      144X -4X608      „^.n„„„  •       „^    .     ,  •      *       ^ 

Then  «— — r-— r-7 — : ==35  0208,  i.  e.  35  strokes  per  minute.  Ant. 

al  250X4 

EXERCISES. 

^  ^.       196.  The  boiler  of  a  steam  engine  evaporates  |  of  a  cubic  foot 

>^  ^  of  water  per  minute  under  a  pressure  of  65  lbs.  to  the 

^  ~  square    inch.     If  the  piston  has  an  area  of  144  square 

II  inches  and  makes  strokes  5  feet  in  length,  how  many 

^  strokes  are  made  per  minute  ?  ^ns.  69-44. 

97.  The  piston  of  an  engine  has  an  area  of  288  inches  and 

makes  7  strokes  per  minute.     If  the  boiler  evaporates -jV 

of  a  cubic  foot  of  water  per  minute  under  the  pressure 

of  55  lbs.  to  the  square  inch,  what  is  the  length  of  the 

>^  stroke  of  the  piston  ?  Jlns.  25^  feet. 

198.  The  piston  of  an  engine  makes  10  strokes  of  6  feet  each 

^  I  per  minute ;  the  boiler  evaporating  i   a   cubic  foot  of 

*1^  water  per  minute  under  a  pressure  of  25  lbs.  to  the  square 

w^  inch,  what  is  the  area  of  the  piston?   Jns.  1250-4  inches. 

100.  In  a  steam  engine  the  piston  having  an  area  of  720  inehes 

makes  20  strokes,  of  3  feet  each,  per  minute,  what  volume 

of  water  converted  into  steam  under  a  pressure  of  20  lbs. 

to  the  square  inch,  is  evaporated  per  minute  by  the  boiler  7 

Ans.  Jf  of  a  cubic  foot. 
200.  The  piston  of  a  steam  engine  has  an  area  of  600  inches 
and  makes  12  strokes,  of  10  feet  each,  per  minute.  Now 
if  the  boiler  evaporates  1  cubic  foot  of  water  per  minute, 
what  is  the  volume  of  the  steam  produced  per  minute 
and  the  pressure  under  which  it  is  generated  ? 
.,ins.  Volume  =:  500  cubic  feet. 

Pressure  =  nearly  55  lbs.  to  the  square  inch. 


>^ 


« 


170.  To  find  the  useful  H.  P.  of  aa  engine  when  a,  n, 
I,  c,  and  V  are  given  we  proceed  as  follows  : 

Find  the  pressure  per  square  inch  of  the  steam  from  the  Table, 
and  thence  Art.  166  the  useful  load  on  each  square  inch  of  the 
piston  ;  find  also  when  required  any  of  the  other  quantities,  a,  n 
or  1,  and  then  apply  the  rules  given  in  Art.  167. 
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Example  201. — What  is  the  useful  load  per  square  inch  on  the 
piston,  and  what  is  the  elfectiTe  horse  powers  of  a  high  pressure 
engine  in  which  the  area  of  the  piston  is  200  inches,  the  length 
of  stroke  6  feet,  the  effective  evaporation  of  the  boiler  i  of  a 
cubic  foot  per  minute  and  the  pressure  of  the  steam  70  lbs.  to 
the  square  inch  ? 

SOLUTION, 

IJy  Art.  160,  70—  ?  i>  -f  15  -f  1 ,  and  hence  p  =  3-H-7  =  -17-23  —  Useful  load. 

144fi'      144.X-4X'10G       ,^.^„„ 
By  Art.  169.  n  =  -^^---^^^  =  19M88. 

llcnce  we  have  n  =  19-488,  p  =  47-25,  a  =  200, 1  ~  C. 

„   „       ?J«?«     47.23  X  200  X  0  X  19.188 
Then  Art.  107,  H.  P.  =  |,^^- ^000 -"'''''■  ^"•'- 

ExA-MPLE  202. — What  are  the  effective  horse  powers  of  a  low 
pressure  engine  in  which  the  piston  has  an  area  of  288  inches 
and  makes  every  minute  IG  strokes,  the  boiler  converting  ^  of  a 
cubic  foot  of  water  per  minute  into  301  cubic  feet  of  steam  ? 

SOIX'TION. 

Since  i  of  a  culiic  foot  (jf  watpr  produces  ."(it  cu!)ic  feet  of  steam,  1  culiic 
foot  of  water  woulil  proituce  6i)S  euliic  feet  of  steam,  and  heuce  (Tablejthi- 
jjross  pressure  of  the  steam  is  45  lbs.  to  the  square  inch. 

Then  (Art.  IGH)  45  =;  p  +  -1  +  1  or  f  p  =  10  whence  p  —  3r>. 

Ai      /Aficn\7      141c('_  141X-5X6fl8       „.-. 

Also  (Art.  169)  ( = —  — ;—  9i  ft. 

na  288X16 

Theu  a  =  288,  /  =  9J,  «  — 16,  andi:>  =  35. 

,r  n  1    T  «   i  ,„»     TF  1.       pain      35>s288X8iX16 

Hence  Formula  I  Ait.  167.    11.1'.  =  — — = -^46'429.  Jut 

33000  33(100 

EXERCISES. 

203.  What  are   the  effective  horse  powers  of  a  high   pressure 

engine  in  which  the  piston  has  an  area  of  360  inches  and 
makes  20  strokes  per  minute, — the  boiler  evaporating  ^ 
of  a  cubic  foot  of  water  j>er  minute  under  a  pressure  of 
40  lbs.  to  the  square  inch?  Jns.  II.  P.  =:  46-528. 

204.  The  piston  of  a  low  pressure  stenra  engine  has  an  area  of 

432  inches  and  makes  strokes  10  feet  in  length.  Nom',  if 
the  boiler  evaporates  -9  of  a  cubic  feet  of  water  per 
minute  under  a  pressure  of  23  lbs.  to  the  square  inch, 
Avhat  are  the  useful  H.  P.  of  the  engine  ? 

Jns.  H.  P.=:  71-613. 

205.  In  a  high  pressure  engine  the  area  of  the  piston  is   COO 

inches,  the  length  of  stroke  is  6  feet,  the  effective  evapo- 
ration of  the  boiler  is  g  of  a  cubic  foot  per  minute  and 
the  pressure  of  the  steam  in  the  cylinder  80  lbs.  to  the 
square  inch  ?    Required  the  H.  P.    Jns.  II.  P.  =  32-897. 
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^  ¥  CHAPTER   V. 

HYDROSTATICS. 

171.  Fluidity  consists  in  the  transmission  of  pressure 
in  all  directions,  or,  a  fluid  may  be  defined  to  be  a  body 
whose  particles  are  so  free  to  move  among  one  another 
that  they  yield  to  any  pressure,  however  small,  that  may 
be  applied  to  them. 

172.  The  term  tiuid  is  commonly  applied  to  bodies  in 
'bo'ih  the  liquid  and  gaseous  stale. 

^  I     173.  Fluids  are  divided  into  two  classes  : — 

1st.  Elastic  flui'ls,  of  which  atmospheric  air  is  the  type. 
2d.  Non-Elastic  liuids,  of  which  water  is  the  represen- 
^tative. 

NoTB.— Wcitc^r  was  foi'incrly  thought  to  be  absolutely  iiicompressible> 
4t  recent  experiments  sliow  that  water  is  diminished  in  volume  T5  otnj 
:)f\j;s  bulk  for  each  atmosphere  of  pressure  upon  it ;  or  in  other  words  a 
pressure  of  2000  atmosphere  or  30000  lbs.  to  the  square  inch  would  compress 
X         11  cubic  feet  into  10  cubic  feet.    Alcohol  is  about  twice  as  compressible 
,  ^^         as  water. 

v^  174.  Liquids,  by  which  term  we  mean  uon- elastic  fluids, 

,  differ  from  gases  chiefly  in  having  less  elasticity  and  com- 

^  pressibility. 

\  175.  Liquids  differ  from  solids  chiefly  in  the  fact  that 

^t    '      their  particles  are  less  under  the  influence  of  the  attraction 

^^  of  cohesion,  and  therefore  have  a  freer  motion  among-  them- 

\^  selves,  in  consequence  of  which  each   atom  is  drawn  sepa- 

.  ^  rately  towards  the  earth  by  the  force  of  gravity  ;  hence : — 

I.     A  liquid,  confined  in  any  vessel,  presses  equally  in  all  direc- 

\,  lions — upwards,  downwards,  and  laterally. 

II.     The  surface  of  a  liquid  in  a  state  of  rest  is  always  level. 
III.  A  liquid  rises  to  the  same  height  in  all  the  tubes  connected 
with  a  common  reservoir,  whatever  may  be  their  form  or  capacity 
i  Note.— The  fact  that  a  liquid  exerts  a  downward  pressure  is  self-evident 

'  '  I  and  reqires  no  ilUistr.ation. 

!    -^  The  lateral  pressure  of  liquids  is  shown  by  their  spouting  from  holes 

^  pierced  in  the  side  ot  the  vessel  in  which  they  are  contained. 

"v*  The  upward  pressure  is  shown  by  taking  a  glass  cylinder,  open  at  both 

\v  ends,  and  having  on(!  end  accurately  gro\md.    A  plate  of  ground  glass  is 

^  held  to  this  end  by  means  of  a  piece  of  string  passing  through  the  cylinder 

and  tlie  closed  end  of  the  instrument  then  emerscd  in  water  to  a  small 
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depth.  Upon  letting  go  tlio  string  tlie  plate  is  still  held  against  the  cylin- 
der by  the  upw.ard  jiressure  of  the  water,  it  will  even  sustain  any  weight, 
which,  together  with  the  plate  itself,  is  not  greater  than  the  weight  of  the 
water  that  would  enter  the  cylinder  if  tlie  ])latc  were  removed. 

176.  When  two  liquids  of  diHereut  densities  are  placed 
in  the  opposite  branches  of  an  inverted  .syplion  or  bent 
tube — their  heights  in  the  two  legs  above  tlie  ])ointof  con- 
tact will  be  inversely  as  their  densities. 

Note. — This  may  easily  be  proved  by  placing  mereury  and  water  in  a 
bent  graduated  glass  tube,  when  it  will  be  found  that  the  column  of  water 
will  be  Vii  times  as  high  as  the  colunni  of  mercury  since  the  latter  is  about 
13^  times  as  heavy  as  the  former. 

177.  The  amount  of  downward  pressure  exerted  by  a 
liquid  in  any  vessel  is  equal  to  that  of  a  column  of  the 
same  liquid,  whose  base  is  equal  to  the  art  a  of  the  bottom 
of  the  vessel,  and  whose  height  is  equal  to  the  depth  of 
the  liquid,  whatever  may  be  the  form  or  capacity  of  the 
vessel. 

Note  1.— To  illustrate  this  fact  we  procure  three  vessesl,  having  bottoms 
of  the  same  area,  and  sides,  in  the  first  perpendicular,  in  the  second  conver- 
ging towards  the  top,  and  the  third  diverging  towards  the  top.  The  bottoms 
are  hinged  and  are  held  in  their  places  by  a  cord  passing  over  a  pulley  and 
terminating  in  a  scale  pan  in  which  are  placed  weights  to  a  certain  amount. 
Water  is  then  carefully  poured  into  the  vessel  having  the  perpendicular 
sides  until  its  downward  pressure  is  just  sufficient  to  force  out  the  bottom 
when  its  depth  is  accurately  measun^d.  Upon  using  either  of  the  other 
vessels  it  is  found  that  the  bottom  remains  fixed  until  the  water  reaches 
this  depth  and  is  then  forced  open.  This  arises  from  the  fact  that  when 
the  sides  are  perpendicular  the  bottom  support  the  whole  weight  of  the 
water.  When  the  vessel  is  wider  at  top  tlian  at  bottom  a  portion  of  the 
downward  pressure  is  sustained  by  the  sides,  while,  when  the  vessel  is 
wider  at  the  bottom  than  at  top,  the  particles  near  the  bottom  are  pressed 
upon  l)y  the  whole  column  of  liquid  above  them  and  their  downward  and 
lateral  pressure  is  the  same  as  it  would  be  were  the  column  of  liquid  of  the 
same  dimensions  throughout  as  the  base  of  the  vessel. 

Note  2.— Care  should  be  taken  not  to  confound  weight  with  pressure,  in- 
asmuch as  the  weight  is  in  proportion  to  the  quantity  of  liquid  but  tlie  pres- 
sure is  in  proportionto  the  extent  of  base  and  the  peri)endicular  height  of  the 
liquid.  Por  example,  tlie  weight  of  the  water  contained  in  a  conical  vessel 
is  found  by  multiplying  the  area  of  the  base  by  one-third  of  the  perpen- 
dicular height ;  but  the  pressure,  by  midtiplying  the  area  of  the  base  by 
whole  height.  It  follows  that  in  a  conical  vessel  the  downward  pressure  is 
equal  to  three  times  the  weight  of  the  liquid.  Hence  in  a  vessel  with  per- 
pendicular sides,  the  pressure  equals  the  weight ;  if  the  sides  diverge  up- 
wards, the  pressure  is  less  than  the  weight ;  and  if  the  sides  converge 
upwards,  the  pressure  is  greater  than  the  weight. 

178.  A  cubic  inch  of  water  of  the  temperature  of  60*^ 
Fahr.  weighs  0.03616  lbs.  Avoir.,  a  cubic  foot  at  the  same 
temperature  weighs  1000  ounces  or  62-5  lbs.,  and  a  gal- 
lon, 10  lbs. 
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179.  The  pressure  of  a  liquid  on  a  vertical  or  inclined 
surface  is  equal  to  the  weight  of  a  column  of  the  same 
liquid  whose  ba=e  is  equal  to  the  area  of  the  surface  pressed, 
and  height  equal  to  the  depth  of  the  centre  of  gravity  of 
the  pressing  liquid  beneath  its  level  surface. 

Or,  more  simply,  the  lateral  pressure  exerted  by  any  liquid  on 
the  side  of  a  vessel  is  found  in  lbs.  by  multiplying  the  area  of  the 
surface  pressed  by  half  the  depth  of  the  liquid,  and  this  product  by 
the  weight  in  lbs.  of  one  cubic  foot  of  that  liquid. 

'Note. — It  follows  that  in  a  cubical  vessel  filled  with  any  liquid  the 
pressure  on  the  side  is  equal  to  half  the  weight  of  the  liquid,  and  hence 
the  whole  pressure  exerted  by  the  liquid,  downward  and  laterally,  is  equal 
to  three  times  tho  weight  of  the  liquid. 


APPLICATION  OF  THE  PRINCIPLES  CONTAINED 
IN  ARTS.  116-179. 

Example  206. — What  downvrard  pressure  is  exerted  on  the 
bottom  of  an  upright  cylindrical  vessel  having  a  diameter  of  20 
feet — the  ■water  tilling  it  to  the  depth  of  12  feet? 

SOLUTION. 

Here  since  tlie  sides  are  perpendicular,  the  downward  pressure  =  tlie 
weifrht. 
Area  of  the  bottom  —  in^  x'n«6  =  10nx3-M16  =  31}-16  feet. 
Cubic  feet  of  water  =  314-16  X  12  =  3769'92. 
.".  Weight  =  37(!9'02X62-5  =  235620  lbs.  =  pressure.  .4;;.?. 

Example  207. — If  olive  oil  and  milk  be  placed  in  the  two  legs 
of  a  bent  tube  or  inverted  syphon,  when  the  height  of  the  col- 
umn of  milk  above  the  point  of  junction  is  20  inches,  what 
will  be  the  height  of  the  column  of  oil  ? 

SOLUTION. 

From  the  table  of  specific  gra\dties  Art.  198,  the  weight  of  milk  is  to  that 
of  oHve  oil  as  1030  :  915. 

Hence  (Art.  176)  915  :  1030  :  :  20  :  ^"      ■  =  22^  inches.  Ans. 
915 

Example  208. — If  Mercury  and  Ether  are  placed  in  a  bent 
tube  as  in  the  last  example  what  will  be  the  height  of  the 
column  of  Mercury  when  that  of  the  ether  is  100  inches  high? 

SOLUTIOy. 

Trom  the  table  of  specific  gravities  the  weight  of  mrrcr.ry  is  to  that  of 
ether  as  13596  :  715. 

Hence  (Art.  17o)  13596  :  715  :  :  100  :  '■  ''f^J*   =5]  inches.  Aiis. 
.  IjouC 

Example  209. — What  will  be  the  lateral  pressure  exerted 
against  the  side  of  a  cistern, — the  side  being  20* feet  long  and 
th»  water  12  feet  deep  ? 
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Area  of  the  surface  prcssed=20X12=240  feet. 

Then  (Art.  178)  lateral  pressure  =  area  multiplied  by  half  the  depth  X 
62-5— 210X0X62-5=90000  lbs.   Ans. 

Example  210. — What  in  the  amount  of  the  pressure  exerted 
against  one  side  of  an  upright  gate  of  a  canal,  the  gate  being 
27  feet  wide  and  the  water  rising  on  the  gate  to  the  height  of  H 
feet? 

SOLrilON. 

Area  of  the  gato=27X8=216  foet,  and  half  the  depth  of  the  watei-=- 1  ft. 
Thau  (Art.  179)  pressure=:216X  lX62-5=5'i000  lbs.  Ans. 

Example  211.— What  is  the  amount  ef  pressure  exerted 
against  a  mill-dam  whose  length  is  220  feet,  the  part  submerged 
being  9  feet  wide,  and  the  water  being  7  feet  deep  ? 

SOLUTION. 

Area  of  part  submerged=220X9— 1980  feet,  and  half  the  depth  of  water 
=3'5  feet. 
Then  {Art.l79)  pressure— 1980X3-5x62'3=i33125  lbs.    Ans. 

Example  212. — If  the  body  of  a  fish  have  a  surface  of  5  square 
feet,  what  will  be  the  aggregate  pressure  it  sustains  at  the 
depth  of  100  feet  ? 

solution. 

In  this  and  similar  examples  the  body  of  the  flsh  has  to  sustain  a  pres- 
sure equal  to  the  weight  of  a  column  of  the  water  having  a  base  equal  in 
area  to  the  surface  of  the  flsh  and  a  height  equal  to  the  depth  of  the  fish 
beneath  the  surface  of  the  water. 

Then  volume  of  water  sustained  by  the  body  of  the  fi.sh=5 XI  00=500 
cubic  feet. 

Hence  pressure=500X  G2"5=31250  lbs.    Ans.* 

Example  213. — If  a  man  whose  body  has  a  surface  of  15 
square  feet  dives  in  water  to  the  depth  of  70  feet,  what  pressure 
does  his  body  sustain  ? 

SOLUTION. 

Cohimn  of  water  sustained  by  man's  body  at  depth  of  70  feet=15y,70= 
1050  cubic  feet. 
Hence  pressure=1050X 62  5=65625  lbs.    Ans. 

Example  214. — To  what  depth  may  an  empty  closed  glass 
Tessel  just  capable  of  sustaining  a  pressure  1 70  lbs.  to  the  square 
inch  be  sunk  in  water  before  it  breaks  ? 

SOLUTION. 

From  Art.  178  we  find  that  a  cubic  inch  of  water  at  the  common  tempe- 
rature of  60  '^  Fahr.  weighs  0-03616  of  a  pound  Avoirdupois. 

Hence  the  vessel  may  be  sunk  as  many  inches  as  •03016  lbs.  is  contained 
times  ill  17(»  lbs. 

That  is  depth— 170-^0.03616=-1.701j  inches=391  feet  9|  inches.  Ans. 

*  In  this  And  following  examples  involving  the  same  principle,  Vi-e  make 
no  allowance  for  the  increased  pressure  at  great  depths. 
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Example  215. — If  an  empty  corked  bottle  be  sunk  to  the  depth 
of  130  feet  before  the  cork  is  driven  in, — what  pressure  to  the 
square  inch  was  the  cork  capable  of  sustaining  before  entering 
the  bottle? 

SOLUTION. 

Column  of  water  sustained  by  each  square  inch  of  the  cork==130X12= 
1360  cubic  inches. 

Then  weight  sustained  by  each  square  inch  of  the  cork— 1560X0"03616=: 
56"4  lbs.    .4k*, 

EXERCISES. 
216.  What  is  the  amount  of  pressure  exerted  against  one  side 
of  the  upright  gate  of  a  canal, — the  gate  being  24  feet 
wide  and  submerged  to  the  depth  of  10  feet? 

Jns.  75000  lbs. 
2 IT.  What  is  the  amount  of  pressure  exerted  against  a  mill- 
dam, — the  part  submerged  being  10  feet  wide  and  80 
feet  long  and  the  depth  of  the  water  being  8  feet  ? 

Ans.  200000  lbs. 

218.  What  is  the  pressure  sustained  by  the  sides  of  a  cubical 

water  tight  box  placed  in  water  at  the  depth  of  120  feet 
beneath  the  surface, — each  edge  of  the  box  being  5  feet 
long?  A71S.  1125000  lbs. 

219.  At  what  depth  beneath  the  surface  will  a  closed  glass 

vessel,  capable  of  sustaining  a  pressure  of  79  lbs.  to  the 
square  inch,  break?  Jns.  182  ft'.  0|  inch. 

220.  What  pressure  is  sustained  by  the  body  of  a  man  at  the 

depth  of  30  feet, — assuming  that  his  body  has  a  surface 
of  IJ  square  yards  ?  jins.  25312^  lbs. 

221.  What  is  the  amount  of  pressure  exerted  against  oi^e  side 

of  the  upright  gate  of  a  canal, — the  gate  being  30  feet 
wide  and  submerged  to  the  depth  of  5  feet  ? 

Jns.  23437^  lbs. 

222.  In  a  glass  tube  bent  in  the  form  of  a  syphon  a  column  of 
.  turpentine  is   balanced  by  means  of  a  column  of  sea 

water, — if  the   height  of  the  former  be  20,   30,  or  47 

inches  what  in  each  case  will  be  the  height  of  the  latter? 

Ans.  l6-ps,  25§  or  3df  inches. 

223.  What  is  the  downward  pressure,  the  pressure  on  each  side 

and  also  the  pressure  on  each  end  of  a  rectangular 
cistern, — 14  feet  long,  and  9  feet  wide — the  water  being 
10  feet  deep?  jlns.  Downward  pressure=78 750  lbs. 

Pressure  on  side=43750  lbs. 

Pressure  on  end=28125  lbs. 

224.  What  amount  of  pressure  is  sustained  by  the  body  of  a 

whale  the  depth  of  260  feet,  upon  the  supposition  that 
his  body  presents  a  surface  of  200  square  yards  ? 

Jlns.  29250000  lb». 
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225.  In  a  glass  tube  bent  in  the  form  of  a  syphon  a  column  of 
mercury  is  balanced  in  succession  by  a  column  of  alcohol 
and  a  column  of  sulphuric  acid.  If  the  height  of  the  for- 
mer be  10  inches  what  in  each  case  will  be  the  height  of 
the  latter?  Ans.  Alcohol  z=  iVlf  inches. 

Sulphuric  acid  =    73*  inches. 


180.  To  find  the  pressure  exerted  against  a  vertical  or 
inclined  surface  at  some  given  depth  beneath  tlie  surface 
of  the  water : — 

RULE. 

Add  the  depth  of  the  tipper  part  of  the  surface  to  that  of  the 
lower  part  and  divide  the  sum  by  2.  The  result  is  the  mean  height 
of  the  columns  of  water  pressing  on  that  surface. 

Then  multiply  the  area  of  the  surface  by  the  mean  height  of  the 
water,  pressing  it,  and  the  result  by  the  weight,  in  lbs.,  of  one  cubic 
foot  of  water. 

Example  226. — What  amount  of  pressure  is  sustained  by  one 
square  yard  of  the  side  of  a  canal,  the  upper  edge  being  10  feet 
and  the  lower  edge  12  feet  beneath  the  surface  of  the  water. 

SOLUTION. 

Mean  weight  of  column  of  water  pressing  the  given  surface^^ — -~  :=  11 
ft.,  and  area  of  surface  =  9  sq.  ft. 

Then  pressure =9Xll  =  99X62'5  =  6187ilbs.  Ans. 

Example  227. — An  upright  flood  gate  is  so  placed  in  a  canal, 
that  the  water  is  just  level  with  the  top  of  the  gate. — Assuming 
the  gate  to  be  30  feet  long  and  20  feet  wide  what  pressure  is 
sustained  by  the  lower  half  of  one  side  ? 

SOLUTIOX. 

The  upper  edge  of  the  half  to  which  the  problem  refers  is  10  feet  beneath 
the  surface,  and  the  lower  edge  20  feet,  therefore  the  mean  height  of  the 

column  of  water  pressing  against  it  is  — ~-  =  15  feet. 
Also  area  of  part  of  gate  given  =  30  x  10  =  300  sq.  ft. 
Hence  pressure  =  300  X  15  X  62-5  =  281250  lbs.  Ans. 

181.  In  problems  similar  to  the  last  a  bet'er  rule  to 
use  may  be  derived  from  the  following  consideration. 

The  pressure  on  the  whole  gate  is  to  the  pressure  on  any  fraction  of  it 
raeasiu-ed  from  the  top,  in  the  duplicate  ratio  of  1  to  that  fraction. 
Hence  to  find  the  pressure  on  any  part  of  the  gate  we  have  the  following : 

RULE. 

First. — If  the  part  of  the  gate  be  measured  from  the  top  down- 
wards. 

Find  the  pressure  on  the  whole  gate  by  Art.  1T9,  and  multiply 
it  by  the  square  of  the  given  fraction. 
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Sbcond. — If  the  part  of  the  gate  be  measured  from  the  bottom 
upwards. 

Take  the  given  fraction  from  1,  square  the  remainder,  and  sub- 
tract it  from  unity. 

Multiply  the  pressure  on  the  whole  gate  by  the  fraction  thus  o6- 
tained  and  the  result  will  be  the  pressure  on  the  given  fraction. 

Example  228.  The  flood-gate  of  a  canal  is  16  feet  wide  and  12 
feet  deep,  and  is  placed  Tertically  in  the  canal  the  water  being 
on  one  side  only  and  just  level  'v^ith  the  upper  edge  of  the  gate ; 
Required  thepressure—l".  On  the  whole  gate. 

2°'!.  On  the  upper  third  of  the  gate. 
3'^.  On  the  lower  half  of  the  gate. 
4"".  On  the  upper  two-fifths  of  the  gate. 
u">.  On  the  lower  two-eleventhsof  the  gate. 

SOLUTIOH^. 

I.  Pressure  on  the>hole  gate  =  16X12X6X62'5=72000  lbs. 

II.  Pressure  ou  upper  third  =  whole  pressure  X  (i)  *  =  72000X4  = 
8000  lbs. 

III.  Pressure  on  lower  half  =  whole  prelsure  X  J  l—(i)*  j  =72000X1= 

54000  lbs. 

IV.  Pressure  on  upper  two-fifths  =  whole  pressure  X  (§)*  =72000  X  -^g 
=  11520  lbs. 

V.    Pressure  on  lower  two-elevenths—  whole  pressure  X  1 1 — (-j^i)*  j  = 

2000  X  yl^Qj-=  2380r6528  lbs. 

In  III  we  take  the  given  fraction  i  from  unity  this  leaves  i  which  we 
square  and  again  subtract  from  unity  and  thus  obtain  }  for  the  multiplier. 

In  V  we  take  the  ^iven  fraction  -jL  from  unity,  this  gives  us  -^^  which  are 
square  and  again  subtract  from  unity  thus  obtaining  -i-^^  for  the  multi- 
plier. 

Example  229.  If  a  flood  gate  be  placed  as  in  last  example 
what  pressure  will  be  exerted  on  the  upper  f  and  what  on  the 
lower  §  of  the  gate  if  it  be  10  feet  wide  and  12  feet  deep  ? 

SOLUTION. 

We  first  find  the  pressure  on  the  whole  gate  by  Art.  179. 

Then  for  the  upper  ^  we  multiply  the  wliole  pressure  by  the  square  of  5, 

For  the  lower  |  we  subtract  |  from  1,  this  gives  us  |  which  we  square 
and  thus  obtain  -^,9^,  then  we  subtract  ^^v-  from  1  and  tlius  obtain  ^|-, lastly 
we  multiply  the  whole  pressure  by  this  J-|-. 

Whole  pressure  =  10X12X6X62'5  =  45000  lbs. 

Pressure  on  upper  V  =  45000  X  4"?  =^  8265^  lbs. 

Pressure  on  lower  'i  =  45000  X  25  =  28S00  lbs. 

EXERCISES. 

230.  The  flood-gate  of  a  canal  is  30  feet  wide  and  10  feet  deep, 
and  is  placed  vertically  in  the  canal,  the  water  being  on  one 
side  only  and  lertl  with  the  top,  required  the  pressure — Ist. 


K 
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On  the  whole  gate  ;  2nd.  On  the  upper  half  of  the  gate  ; 
3rd.  On  the  lower  half  of  the  gate  ;  4th.  On  the  lowest  two- 
sevenths  of  the  gate. 

Jlns.  Pressure  on  whole  gate  =  93750    Iba.     Jj' 

"  upper  half  =  23437J    "        ^ 

"  lower  half  =  70312^     "        r' 

"      lowest  two-sevenths  =  45918^1  "       7^ 

231.  A  hollow  globe  has  a  surface  of  7  square  feet,  and  is  sunk    i, 
in  water  to  the  depth  of  150  feet.    Required  the  total  pres-'^s,^ 
sure  it  then  sustains.  .ins.  65625  Ibs.^'^"^ 

232.  What  pressure  is  exerted  against  one  square  yard  of  an  ^  ' 
embankment  if  the  upper  edge  of  the  square  yard  be  11  ft.  '^  \ 
and  the  lower  edge  13  feet  beneath  the  surface  of  the  s.  >< 
water  ?  Jns.  6750,  >  ^ 

233.  A  hollow  glass  globe  is  sunk  in  water  to  the  depth  of  400 
feet,  at  which  point  it  breaks.  Required  the  extreme 
pressure  to  the  square  inch  which  the  vessel  was  capable  of 
sustaining.  jlns.  173-568  lbs. 

234.  Required  the  pressure  sustained  by  the  body  of  a  man  at  a 
depth  of  100  yards  beneath  the  surface  of  water — assuming 
the  man's  body  to  have  a  surface  of  15  square  feet? 

.dns.  281250  lbs. 

235.  A  flood  gate  16  feet  long  is  submerged  to  the  depth  of  9 
feet  in  water :  what  pressure  is  exerted  against  each  side 
of  it  ?  Ans.  40500  lbs. 

23G.  A  mill  dam  is  120  feet  long  and  11  wide,  the  water  being 
'  \  exactly  level  with  the  top  of  the  dam  and  the  lower  edge  of 

the  dam  7  feet  beneath  the  surface.  Ist.  What  will  be  the 
pressure  exerted  against  the  whole  dam.  2nd.  What  pres- 
sure will  be  exerted  against  the  upper  part  of  the  dam. 
3rd.  What  pi'cssure  will  be  exerted  against  the  lower  half 
of  the  dam?  .'Ins.  Against  whole  dam    288750  lbs. 

"         upper  half    72187J  lbs. 
"         lower  half  216562J  lbs. 

237.  A  flood  gate  26  feet  wide  is  submerged  perpendicularly  to 
the  depth  of  12  feet ;  find  1st.  The  pressure  against  one  side 
of  the  whole  part  submerged.  2nd.  The  pressure  against  the 
lower  half.  3rd.  The  pressure  against  the  lowest  third. 
41h.  The  pressure  against  the  lowest  sixth? 

,/lns.  117000  lbs.  whole  gate. 
87750  lbs.  lower  half. 
65000  lbs.  lowest  third. 
35750  lbs.  lowest  sixth 
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182.  If  water  be  confined  in  a  vessel  and  a  pressure  to 
any  amount  be  exerted  upon  any  one  square  inch  of  the 
surface  of  that  water,  a  pressure  to  an  equal  amount  will 
be  transmitted  to  every  squsire  inch  of  the  interior  surface 
of  the  vessel  in  which  the  water  is  confined. 


Fig.  16. 


Note. — In  tlie  accompanying  figure 
suppose  the  piston  P  has  an  area  of 
1  square  inch,  and  the  pistonp'anarea 
of  100  square  inches,  then  if  1  lb.  pres- 
sure be  apphed  to  P  as  weight  of  100 
lb.  must  be  applied  to  jj'  in  order  to 
maintain  equilibrium.  It  is  this  pro- 
perty of  equal  and  instant  transmis- 
sion of  pressure  which  enables  us  to 
make  use  of  hydrostatic  pressure  as 
a  mechanical  po^^  er,  and  it  is  upon  this 
principle  that  Bramah's  Hydrostatic 
Press  is  constructed. 


183.  Bramah's  Hydrostatic  Press  consists  of  two  stiono- 
metall.c  cylinders.!  and  a.  one  many  times  as  large  as  the 
other,     connected  -p.^  ,h 

together  by  a  tube.  °' 

The  small  cylinder  .rim r^_ 

is    supplied    with  I  ^• 

a  strong  forcing 
pump  s',  and  the 
larger  one  with  a 
tightly  fitting  pis- 
ton *S',  attached 
a  firm  platform  or 
strong  head  P. 
Both  the  cylinders 
and  the  commu- 
nicating tube  con- 
tain water,  and 
when  downward 
pressure  is  applied  to  the  water  in  the  smaller  cylinder, 
by  means  of  the  attached  forcing  pump,  the  piston  in  the 
larger  is  forced  upward  by  a  pressure  as  much  greater 
than  the  downward  pressure  in  the  smaller,  as  the  sectional 
area  of  the  larger  cylinder  is  greater  than  that  of  the 
smaller. 
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For  example,  if  the  smaller  cylinder  have  an  area  of  half  a  square 
inch,  and  the  large  cylinder  an  area  of  500  square  inches  than  the  upward 
pressure  in  the  latter  will  be  1000  times  as  great  as  the  downward  pressure 
in  the  former. 

184.  Braraali's  Hydrostatic  Press  is  used  for  pressing 
paper,  cotton,  cloth,  gunpowder,  and  other  things — also 
for  testing  the  strength  of  ropes,  for  uprooting  trees  and 
for  other  purposes. 

185.  To  find  the  relation  between  the  force  applied  and 
the  pressure  obtained  in  Bramah's  Hydrostatic  Press. 

RULE. 
/.  If  the  power  be  applied  by  means  of  a  lever,  find  the  amount  of 

downward  pressure  in  the  smaller  cylinder  by  the  rule  in 

Art.  11. 
II.  Divide  the  sectional  area  of  the  large  cylinder  by  that  of  the 

the  smaller  cylinder  and  multiply  the  quotient  by  the  power 

applied  to  the  smaller  cylinder. 

Example  238. — In  a  Hydrostatic  Press  the  force  pump  has  a 
sectional  area  of  one  square  inch  ;  the  large  cylinder  a  sectional 
area  of  one  square  foot,  the  force  pump  is  worked  by  means  of 
a  lever  whose  arms  are  to  one  another  as  21  :  2.  Ifa  power  of  20 
lbs  be  applied  to  the  extremity  of  the  lever  what  will  be  the 
upward  pressure  exerted  against  the  piston  in  the  large  cylin- 
der? 

SOirTION. 

20X21 
Power  apijlied  to  force  pump  =  — - —  =  210  lbs. 

Sectional  area  of  smaller  cylinder  =  1  inch  and  of  larger  cylinder  =  144 
inches. 
Then  14H-1— 144X210=30240  lbs.  Ans. 

Example  239. — In  a  Hydrostatic  Press  the  sectional  areas  of 
the  cylinders  are  |  of  an  inch  and  150  inches,  and  the  power  lever 
is  so  divided  that  its  arms  are  to  one  another  as  1  to  43.  What 
pressure  will  be  exerted  by  a  power  of  100  lbs.  applied  at  the 
extremity  of  the  long  arm  of  the  lever  ? 

SOLTJTION. 

100X43 
Downward  pressure  iu  small  cylinder  = = —  =614|  lbs. 

150 
Upward  pressure  in  large  cvlinder  =  -r-  X  6143-=  450  x  614S  — 
276428ilbs.  Ans.  t 

ExAMPLE  240. — The  area  of  the  small  piston  of  a  Hydrostatic 
Press  is  {  an  inch  and  that  of  the  larger  one  300  inches,  the 
lever  is  30  inches  long  and  the  piston  rod  is  placed  5  inches 
from  the  fulcrum  (so  as  to  form  a  lever  of  the  second  order) 
what  power  must  be  applied  to  the  end  of  the  lever  in  order 
to  produce  an  upward  pressure  in  the  cylinder  of  1000000 
lbs?  "^       .     "^ 
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Downward  pressure  in  smaller  cylinder=:1000000  lbs  -f-  -j-  =  1000000  lbs. 

-f-  600  =  1666!  lbs. 

30 

Then  power  applied  =  1666|  lbs.  -i =1C6C•-^C=277^  lbs.  Ans. 

5  ' 

EXERCISES. 

241.  In  a  Hydrostatic  Press  the  area  of  the  small  cylinder  is  1 

inch,  and  that  of  the  large  one  300  inches,  the  force 
pump  is  worked  by  a  lever  of  the  second  order  30  inches 
long,  having  the  piston  rod  2  inches  from  the  fulcrum, 
if  a  pressure  of  50  lbs.  be  applied  to  the  lever  what 
upward  pressure  will  be  produced  in  the  large  cylinder  ? 

.ins.  225000  lbs. 

242.  In  a  Hydrostatic  Press  the  force  pump  has  a  sectional  area 

of  half  an  inch ;  the  large  cylinder  a  sectional  area 
of  200  inches  ;  the  force  pump  is  worked  by  means 
of  a  lever  whose  arms  are  to  one  another  as  1  to  50. 
Now  suppose  a  force  of  50  lbs.  be  applied  to  the  ei- 
tremity  of  the  lever  what  will  be  the  upward  pressure 
exerted  against  the  piston  in  the  large  cylinder  ? 

Jns.  1000000. 

243.  In  a  Hydrostatic  Press  the  small  cylinder  has  an  area  of 

one  inch,  and  the  large  one  an  area  of  500  inches,  the 
pump  lever  is  so  divided  that  its  arms  are  to  one  another 
as  1  to  25  what  will  be  the  upward  pressure  against  the 
piston  in  the  large  cylinder  produced  by  a  force  of 
100  lbs.  acting  at  the  extremity  of  the  lever! 

^rts.  1250000. 

244.  The  area  of  the  small  piston  of  a  Hydrostatic  Press  is  J 

of  an  inch  and  that  of  the  large  one  120  inches — the 
arms  of  the  lever  by  which  the  force  pump  is  worked  are 
to  one  another  as  40  to  3.  Required  the  upward  pres- 
sure exerted  against  the  piston  of  the  large  cylinder  by  a 
power  of  17  lbs.  applied  at  the  extremity  of  the  lever. 

jlns.  36266J  lbs. 

245.  The  area  of  the  small  piston  of  a  Hydrostatic  Press  is 

li  inches,  and  that  of  the  large  one  200  inches — the 
arms  of  the  lever  by  which  the  force  pump  is  worked  are 
to  one  another  as  20  to  1^.  What  power  applied  at  the 
extremity  of  the  lever  will  produce  a  pressure  of  750000 
lbs?  Jns.  4:21}lha. 


186.  Since  the  pressure  of  water  upon  a  given  base 
depends  upon  the  height  of  the  liquid  and  not  upon  its 
quantity,  it  follows  that : — 
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Any  quantity  of  water  hotvever  small,  may  be  made  to 
balance  the  pressure  of  any  other  quantity  however  great, 
or  to  raise  any  iveiyht  however  large. 

Note. — This  is  what  is  commonly  called  the  Hydrostatic.  Paradox.  In 
reality,  however,  there  is  nothing  at  all  paradoxical  in  it ;  since,  although  a 
pound  of  water  may  be  made  to  balance  10  lbs.,  or  KiOO  lbs.,  or  100000  lbs,, 
it  does  it  upon  precisely  the  same  principle  that  the  power  balances  the 
weight  in  the  lever  and  other  mechaiiiual  powers.  Thus  in  order  to  raise 
20  lbs.  of  water  by  the  descending  force  of  1  lb.,  the  latter  must  descend  20 
inches  in  order  to  raise  the  former  1  inch.  Hence  what  is  called  the 
h;,'drostatic  paradox  is  in  strict  conformity  to  the  principle  of  virtual  velo- 
cities. 

187.  This  principle  is  illustrated  by  an  instrument 
called  the  Hydrostatic  Bellows,  which  consists  of  a  pair 
of  boards  united  together  by  leather  as  in  the  common 
bellows  and  made  water-tight.  From 
tlie  upper  board  there  rises  a  long  tube, 
B,  finished  with  a  funnel-shaped  termin- 
ation, c. 

Note. — When  water  is  poured  into  the  tube 
an  upward  pressure  is  exerted  against  the 
upper  board  as  much  greater  than  the  weight 
of  the  water  in  the  tube  as  the  area  of  the 
board  is  greater  than  the  sectional  area  of 
the  tube. 

For  example,  if  the  sectional  area  of  the  tube  be  i 
of  an  inch,  and  the  area  of  the  board  be  250  inches, 
then  the  area  of  the  board  will  be  1000  times  as 
great  as  that  of  the  tube,  and  consequently  1  lb.  of 
water  in  the  tube  will  exert  a  pressure  of  1000  lbs. 
against  the  upper  board  of  the  bellows. 

188.  To  find  the  upward  pressure  exerted  against  the 
board  of  a  hydrostatic  bellows  by  the  water  contained 
in  the  tube. 

RULE. 

Divide  the  sectional  area  of  the  board  by  that  of  the  tube,  and 
multiply  the  result  by  the  weight  of  the  water  in  the  tube. 

Note. — The  weight  of  water  in  the  tube  is  found  by  multiply- 
ing the  sectional  area  of  the  tube  by  the  height  of  the  water  in  inchex 
and  the  product^  which  is  cubic  inches  of  water,  by  0.03616  lbs.,  the 
weight  of  one  cubic  inch  of  water. 

Example  246. — The  upper  board  of  a  Hydrostatic  Bellows  has 
an  area  of  1  foot,  the  tube  has  a  sectional  area  of  i  an  inch 
and  is  filled  with  water  to  the  height  of  7  feet.  What  upward 
pressure  is  exerted  against  the  top  board  of  the  bellows  ? 
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SOLUTION. 

Cubic  inches  of  water  in  the  tuhe=i  X  84  =  42. 
Weight  of  water  in  tube  =  0.03616  X  42  =  1.51S72  lbs. 

14A 
Ui)ward  pressure  against  bellows  board  =  1. 51872  X  -5—=  1. 51872X  288 

•5 
=437.39  lbs.  Ans.  ^ 

Example  24*7. — In  a  Hydrostatic  Bellows  the  board  has  an  >i 
area  of  200  inches  and  the  tube  a  sectional  area  of  i  of  an  inch.  'N 
What  upward  pressure  is  exerted  on  the  board  by  7  lbs.  of  water  >' 
in  the  tube?  ^I: 

SOLUTIOlf.  "^  * 

200  v\ 

Upward  pressure  =  7  X'—j-  =  7  X  800  =  5600  lbs.  Ans.  S 

EXERCISES.  J 

248.  In  a  Hydrostatic  Bellows  the  board  has  an  area  of  250  Qv.\ 

inches,  the   tube  has  a  sectional  area  of  IJ  inches,  and'^p 
contains  11  lbs.  of  water.     What  is  the  amount  of  upward  x 
pressure  exerted  against  the  board  of  the  bellows  ?  *^ 

^715.2200  lbs. 

249.  The  board  of  a  Hydrostatic  Bellows  has  an  area  of  300 

inches,  the  tube  a  sectional  area  of  1  inch  and  is  filled 
with  water  to  the  height  of  10  feet — what  pressure  will 
be  exerted  against  the  upper  board  of  the  bellows  ? 

jlns.  1301.76  lbs. 

250.  The  tube  of  a  Hydrostatic  Bellows  has  a  secUonal  area  of 

•72  of  an  inch  and  is  filled  with  water  to  the  height  of 
50  feet — what  weight  will  be  sustained  on  the  bellow's 
board  if  the  latter  have  an  area  of  3  feet  ?  ^ns.  9372.672. 


189.  A  body  immersed  in  any  liquid  will  either  float, 
sink,  or  rest  in  equilibrium,  according  as  it  is  specifically 
lighter,  heavier,  or  the  same  as  the  liquid. 

190.  A  floating  body  displaces  a  quantity  of  liquid 
equal  to  its  own  weight. 

191.  A  body  immersed  in  any  liquid  loses  a  portion  of 
its  weight  equal  to  the  weight  of  the  liquid  displaced,  and, 
lience,  by  weighing  a  body  first  in  air  and  then  in  water, 
its  relative  weight  or  specific  (jravity  may  be  determined. 

192.  The  specific  gravity  of  a  body  is  its  weight  as 
compared  with  the  weight  of  an  equal  bulk  or  vtolume  of 
some  other  body  assumed  as  a  standard. 

193.  Pure  distilled  water  at  the  temperature  of  60"^ 
Fahr.  is  taken  as  the  standard  with  which  to  compaie  all 
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solids  and  liquids,  and  pure  dry  atmospheric  air  at  a  tempe- 
rature of  32^^  Fahr.,  and  a  barometric  pressure  of  30  inches 
is  taken  as  the  standard  with  which  all  gases  are  compared. 

194.  To  find  the  specific  gravity  of  a  solid  heavier  than 
water  : — 

RULE. 

Divide  the  weight  of  the  body  in  air  by  itt  loss  of  weight  in 
water,  the  result  will  be  its  Specific  Gravity. 

Example  251. — A  piece  of  lead  weighs  225  grains  in  air  and 
only  205  grains  in  water;  required  its  specific  gravity. 

SOLUTION. 

Loss  of  weight  =  225—205  =  20  grains. 

Hence  specific  gravity  =:  225-f20  =  11.250.    Aits. 

ExiMPLE  252. — A  piece  of  sulphur  weighs  97  grains  in  air 
and  but  50-5  grains  in  water;  what  is  its  specific  gravity? 

SOLUTIOK. 

Loss  of  weight  in  water  =  97— 50'5  =  46'5  grains. 
Then  specific  gravity  =  97  -f-  46'5  —  2"008  Ahs. 

EXERCICES. 

253.  A  piece  of  silver  weighs  200  grains  in  air  and  only  180 
grains  in  water ;  required  its  specific  gravity. 

^ns.   10.000. 

254.  A  piece  of  platinum  weighs  154J  oz.  in  air  and  only  147J 
oz.  in  water;  required  its  specifis  gravity.         jlns.  22.071. 

255.  A  piece  of  glass  weighs  193  oz.  in  air  and  but  130  oz.  in 
water  ;  required  its  specific  gravity.  jlns.  3.0G3. 


195.  To   find    the    specific    gravity    of    a    solid    not 
sufficiently  heavy  to  sink  in  water. 
RULE. 

To  the  body  ivhose  specific  gravity  is  sought  attach  some  other 
body  sufficiently  heavy  to  sink  it,  and  of  which  the  weight  in  air 
and  loss  of  weight  in  water  are  known. 

Then  weigh  the  united  mass  in  water  and  in  air,  from  its  loss  of 
weight  deduct  the  loss  of  weight  of  the  heavier  body  in  water,  and 
divide  the  absolute  weight  of  the  lighter  body  by  the  remainder,  the 
quotient  will  be  the  specific  gravity  of  the  lighter  body. 

Example  256. — A  piece  of  wood  which  weighs  55  oz.  in  air 
has  attached  to  it  a  piece  of  lead  which  weighs  45  oz.  in  air  and 
41  in  water,  the  united  mass  weighs  30  oz,  in  water  ;  require^ 
the  specific  gravity  of  the  piece  of  wood, 

7 
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SOiTTTIOy. 

Weiftht  of  united  mass  in  air  =  55  +  45  ^  100  oz. 
"  "        water  :=  30   " 

Loss  of  weight  of  united  mass  in  water  =:  70   " 
Loss  of  weight  of  lead  in  water  =  4   " 

Remainder  =  66=loss  of  weight  of  tlie  wood. 

Then  55  -^  66=  '833  =  specific  gravity  of  the  wood. 

ExiMPLH  257. — A  piece  of  wood  which  weighs  70  oz.  in  air 
has  attached  to  it  a  piece  of  copper  which  weighs  36  oz.  in  air 
and  31.5  oz.  in  water,  the  united  mass  weighs  only  11.7  oz.  in 
water ;  what  is  the  specific  gravity  of  the  wood  ? 


Weight  of  united  mass  in  air  =  70  +  36  =  106  oz. 
"  "       water  =  11.7 

Loss  of  weight  of  unitedlmass  in  water=:  94.3  " 
Loss  of  weight  of  copper  "       =     4.5 

Loss  of  weight  of  wood  "       ==   89.8=loss  of  weight  of  the  wood. 

Then  specific  gravity  of  wood=7 0-7-89.8=:   .779.    A71S. 

EXERCISES. 

258.  A  piece  of  pine  wood  which  weighs  15  lbs.  in  air  and  has 
attached  to  it  a  piece  of  copper  which  weighs  18  lbs.  in  air 
and  16  lbs.  in  water,  the  weight  of  the  united  mass  in  water 
is  6  lbs.;  required  the  specific  gravity  of  the  pine? 

jlns.   '600. 

259.  A  piece  of  cork  which  weighs  20  oz.  in  air  has  attached  to 
it  an  iron  sinker  which  weighs  18  oz.  in  air  and  15.73  oz. 
in  water,  the  united  mass  weighs  1  oz.  in  water ;  required 
the  specific  gravity  of  the  cork?  Jlns.   -575. 

260.  A  piece  of  wood  which  weighs  33  oz.  in  air  has  attached  to 
it  a  metal  sinker  which  weighs  21  oz.  in  air  and  18.19  oz. 
in  water,  the  united  mass  weighs  2.5  oz.  in  water  ;  what  ig 
the  specific  gravity  of  the  wood?  ^ns.  '677, 


196.  The  specific  gravities  of  liquid  maybe  determined 
{n  three  diflferent  ways. 

First  Method. — A  small  glass  fiask,  which  holds  precisely  1000 
grains  of  pure  distilled  water  at  the  temperature  of  60''  Fahr.,  is 
filled  with  the  liquid  in  question  and  accurately  weighed,  the  result 
indicates  the  specific  gravity  of  the  liquid. 

Sboond  Method. — j1  piece  of  substance  of  known  specific  gra- 
vity is  weighed  both  in  and  out  of  the  liquid  in  question.     The 
difference  of  weight  it  multiplied  by  the  Spec.  Grav.  of  the  solid, 
')•'     '  -  .■-■ ^' ,  -'  ■ 
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and  the  ■product  divided  by  the  absolute  iveight  of  the  solid,  and 
the  retult  is  the  Spec.  Grav.  of  the  liquid. 


That  is  s  =  ■ 


-Xs'; 


where  w:=iubsolute  weight  of  solid. 
w'z=  loeight  in  the  liquid. 
There/ore  w — w'=:  loss  of  iveight. 

s    =z  specific  gravity  of  the  liquid. 
s'  =  specific  gravity  of  the  solid. 

Third  Method. — This  specific  gravity  of  liquids  is 
most  commonly  found  in  practice  by  means  of  an  in- 
strument  called  the  Hydrometer,  which  consists  of  a 
graduated  scale  rising  from  a  glass  or  silver  bulb, 
beneath  tvhich  is  a  small  appendage  loaded  with  shot  or 
osme  other  heavy  substance.  It  acts  upon  the  principle 
that  the  greater  the  density  of  a  liquid  the  greater  loill 
be  its  Specific  Gravity.  The  depth  to  tvhich  the  instru- 
ment sinks  in  different  liquids  is  shown  by  the  gradu- 
ated scale,  which  thus  indicates  their  Specific  Gravities. 
For  liquids  specifically  lighter  than  water,  the  scale  is 
graduated  from  the  bottom  upwards ;  for  those  hea- 
vier, from  the  top  downwards. 

Example  261. — The  Thousand-grain  Bottle  filled 
with  sulphuric  acid  weighs  1841  grains.*  What  is 
the  specific  gravity  of  the  sulphuric  acid  ? 


1841 


SOLUTION. 

1000  =  1.841  Ans. 


Example  262. — The  Thousand-grain  Bottle  filled  with  Alcohol 
weighs  792  grains,  required  the  specific  gravity  of  Alcohol. 

SOLUTION. 

792  -f- 1000  =  "792  Ans. 
Example  263. — A  piece  of  Zinc  (Spec.  Grav.  7.190)  weighs 
27.4  oz.  in  a  certain  liquid  and  32.7  oz.  out  of  it,  required  the 
Spec.  Grav.  of  the  liquid. 


Here  w 
Then  s  - 


-32.7,  w' ■ 
to  —  to' 


SOLUTION. 

:  27.4,  s'  =  7.190, 


32.7- 


32.7 


27.4      . 
X  7.190  = 


5.3  X  7.190 
32.7 


=  1.1G5   Ans. 


Example  264.— A  piece  of  Silver  (Spec.  Grav.  10.500)  weighs 
47.8  grains  in  a  liquid  and  58.2  grains  out  of  it— what  is  the 
Specific  Gravity  of  the  liquid  ? 


*  That  is  not  including  the  weight  of  the  bottle  itself. 
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SOLUTION. 

Here  w=  58.2,  w'  =  47.8  aud  «'— 10.5, 

_,.  W  —  w'  ,      58.2  —  47.8  10.4  X  10.5 

Then  *  =  —^^  X  *'  =^—^^  X  10.5  =  —^=^mAns. 

EXERCISES. 

265.  A  piece  of  copper  (Spec.  Grav.  8.850)  weighs  446.3  grains 

in  liquid,  and  490  grains  out  of  it,  required  the  Specific 
Grav.  of  the  liquid.  Ans.  .789. 

266.  The  Thousand-grain  Bottle  filled  with  Olive  oil  weighs 

915  grains — what  is  the  Specific  Gravity  of  Olive  Oil  ? 

Ans.  .915. 

267.  The  Thousand-grain  Bottle  filled  with  mercury  weighs 

13596  grains — what  is  the  Specific  Gravity  of  mercury  ? 

Ans.  13.596. 

268.  A  piece  of  cast-iron  (Spec.   Grav.  7.425)  weighs  34.61 

oz.  in  a  liquid  and  40  oz.  out  of  it — what  is  the   Specific 
Gravity  of  the  liquid?  Ans.  1.000  nearly. 

269.  A  piece  of  gold  (Spec.  Grav.  19.360)  weighs  139.85  grains 

in  a  liquid  and  159.7  grains  in  the  air,  required  the  Specific 
Gravity  of  the  liquid  ?  ^ns.  2.406. 

270.  A  piece  of  marble  (Spec.  Grav.  2.850)  weighs  30  lbs.  in  a 

certain  liquid,  and  35.9  lbs.  in    the  air,    required    the 
Specific  Gravity  of  the  liquid  ?  Ans.  .468. 


197.  The  Specific  Gravity  of  gases  is  found  by  exhaust- 
ing a  flask  of  atmospheric  air  and  filling  it  with  the  gas  in 
question  previously  well  dried.  This  is  accurately  weighed 
and  its  weight  compared  with  the  weight  of  the  same 
volume  of  dry  atmospheric  air  at  the  temperature  of  60° 
Fahr.  and  under  a  barometric  pressure  of  30  inches. 

198.  The  following  table  gives  the  Specific  Gravities 
of  the  most  common  substances  :•— 
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TABLE  OP  SPECIFIC  GRAVITIES. 


GASES. 

Atmospheric  Air, 

Hydrogen,  .  ■ 

Oxygen, 

Nitrogen, 

Ammoniacal  Gas,  . . . . 
Carbonic  Acid  Gas,  . . 
Sulphurous  Acid  Gas, 
Clilorine, 

LIQUIDS. 

Distilled  Water, 

Mercury,  

Sulphuric  Acid, 

Nitric  Acid, 

Milk, 

Sea  Water, 

Wine, 

Olive  Oil, 

Spirits  of  Turpentine, . 

Pure  Alcohol, 

Ether, 

Prussic  Acid, 

SOLIDS. 

Platinum, 

Gold, 

Silver, 

Lead, 


1.000 

.069 

1.106 

.972 

.596 

1.529 

2.234 

2.470 

1.000 

13.596 

1.841 

1.220 

1.030 

1.026 

.993 

.915 

.869 

.792 

.715 

.696 

22.050 
19.360 
10.500 
11.250 


Copper, 8.850 

Brass, 8.300 

Iron, 7.788 

Tin, 7.293 

Zinc 7.190 

Diamond, 3.530 

Flint  Glass 3.330 

Sulphur, 2.086 

Slate, 2.840 

Brick, 2.000 

Common  Stone, 2.460 

Marble, 2.850 

Ivory, 1.825 

Phosphorus, 1.770 

Lignum  Vitae, 1.350 

Boxwood, 1.320 

Potassium, 875 

Sodium, 972 

Pumice  stone, 914 

Dry  Pine, 657 

Dry  Poplar 383 

Ice, 865 

Living  Man, 891 

Cork, 240 

Graphite, 2.500 

Bituminous  Coal, 1.250 

Anthracite  Coal, 1.800 


199.  A  cubic  foot  of  pure  distilled  water  at  the  tem- 
perature of  60*^  Fahr.  weighs  exactly  1000  ounces.  Hence 
if  the  Specific  Gravity  of  any  substance  be  known  the 
weight  of  a  cubic  foot,  &c.,  may  be  easily  found. 

For  example. — the  Spec.  Grav.  of  Mercury  is  13.596  water  being  1.000, 
and  a  cubic  foot  of  water  weighing  1000  ounces  it  follows  that  a  cubic  foot 
of  Mercury  weighs  13596  ounces. 

200.  To  find  the  solid  contents  of  a  body  from  its 
weight : — 

RULE. 

Contents  in  feet  ^=-  ~ii  where  w  =  whole  weight,  andw'=zweight 
of  a  cubic  foot  as  ascertained  from  its  Spec.  Grav. 

Example  271. — How  many  cubic  feet  are  there  in  2240  lbs. 
of  dry  oak  (Spec.  Gray,  -925.)  ? 
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SOLTJTIOy. 

w       2240  lbs.  35840         ,„,,o      .  .    .,    ^ 

Here  — :  =  — -—  =  — — -     —m  3f  cubic  feet. 

w'         925  oz  925  ^''° 

Example  2Y2. — How  many  cubic  feet  are  tliere  in  a  mass   of 
iron  which  weighs  17829  lbs.  ? 


Sijecific  Gravity  of  iron  =  7788.    Therefore  1  cu.  ft.  weighs  7788  oz. 
Then  cubic  feet  in  mass  =  17829  lbs.  —  7788  oz.  =36'628  Ans. 

201.  To  find  the  weight  of  a  body  IVoin  its  solid  con- 
tents : — 

RULE. 
w=z  contents  in  ft.  X  ii>'. 
Where  w  and  w'  are  same  as  in  last  rule. 

Example  273. — What  is  the  weight  of  a  block  of  dry  oak 
10  ft.  long,  3  ft.  thick,  2^  ft.  wide. 
Here  10  x  3  x  2^  =  75  cubic  feet. 
Then  tv=:v/ X  75=925  oz.  X  75=69375  oz.=4335  \^^  lbs.  Jns. 

Example  274. — What  is  the  weight  of  a  block  of  marble  8  ft. 
long,  2  ft.  wide,  and  IJ  ft.  thick. 

SOLUTION. 

Cubic  feet  of  marble  =  8X2X1J=:24. 

Spec.  Grav.  of  marble  =^  2'850.    Therefore  one  cubic  foot  weighs  2850  oz 

Then  weight  of  block  —  2850X  24  =  68400  oz.  =  4275  lbs.    Ans, 

EXERCISES. 

275.  What  is  the  weight  of  a  mass  of  copper  which  contains  29 

cubic  feet?  ^ns.  16040  lbs.  10  oz. 

276.  How  many  cubic  feet  are  there  in  a  mass  of  lead  which 

weighs  seven  million  pounds?  ^ns.  9955.55  cub.  ft. 

277.  How   many   cubic   feet   of  sulphuric   acid   are    there    in 

78124732  lbs?  Jns.  G78976-48  cub.  ft. 

278.  What  is  the  weight  of  tlie  mercury  contained  in  a  rectangu- 

lar cistern  G  feet  long,  4  feet  wide  and  10  feet  deep,  the 
mercury  filling  it?  .^ns.  203940  lbs. 

279.  If  a  block  of  zinc  be  11  feet  long  by  3  feet  wide  and  2  feet 

thick,  how  much  docs  it  weigh?  Jltis.  296583  lbs. 

280.  What  is  the  weight  of  a  squared  log  of  dry  pine  44  feet 

long  and  18  inches  square.  ^/Ins.  4065  lbs.  3  oz. 
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CHAPTER  VI. 
PNEUMATICS. 

202.  Pneumatics  treats  of  the  mecLanical  properties 
of  permanently  elastic  fluids,  of  Avhich  atmospheric  air 
may  be  taken  as  the  t3'pe. 

203.  The  atmosphere  (Greek  atmoi  "gases")  or  sphere 
of  gases  is  the  name  applied  to  the  gaseons  envelope  which 
surrounds  the  earth. 

204.  It  is  supposed,  from  certain  astronomical  con- 
siderations that  the  atmosphere  extends  to  the  height  of 
about  45  miles  above  the  surface  of  the  earth. 

Note.— The  height  of  the  atmosphere  is  only  J^j  of  the  radius  of  the  earth, 
so  that  upon  an  artificial  globe  12  inches  in  diameter  the  atmosphere  would 
be  represented  by  a  covering  To  of  an  inch  in  thickness. 

205.  Atmospheric  air  is  a  mechanical  mixture  chiefly 
of  two  gases,  Oxygen  and  Nitrogen  in  the  proportion  of 
1  gallon  of  the  former  to  4  gallons  of  the  latter.  Its 
exact  composition,  omitting  the  aqueous  vapour,  is  as 
follows  : — 

Composition  by  Volume. 
Nitrogen,  79*12  per  cent. 

Oxygen,  20-80       " 

Carbonic  acid,  '04      " 

Carburetted  Hydrogen,    '04      " 
Ammonia,  Trace. 

KoTB.— Oxygen  is  the  sustaining  principle  of  animal  life  and  of  ordinary 
combustion.  When  an  animal  is  placed  in  a  vessel  of  pure  oxygen  its 
heart  beats  with  increased  energy  and  rapidity  and  it  very  soon  dies  from 
excess  of  vital  action.  Many  substances,  also,  that  are  not  at  all  combus- 
tible under  ordinary  circumstances,  burn,  when  placed  in  pure  oxygen, 
with  extraordinary  brilliancy  and  vigour. 

Nitrogen,  on  the  other  hand,  supports  neither  respiration  nor  combustion. 
In  its  chemical  nature  it  is  distinguished  chiefly  by  its  negative  properties. 
In  the  atmosphere  it  serves  the  important  purpose  of  diluting  the  oxygen 
and  thus  fitting  it  for  the  function  it  is  designed  to  perform  in  the  animal 
economy. 

Carbonic  acid  is  a  highly  poisonous  gas,  formed  by  the  union  of 
oxygen  and  carbon  (charcoal) .  It  is  produced  in  large  quantities  during  the 
process  of  animal  respiration,  common  combustion,  fermentation,  volcanic 
action  and  the  decay  of  animal  and  vegetable  substances.  Although  when 
inhaled,  it  rapidly  destroys  animal  life  it  constitutes  the  chief  source  of  food 
to  the  plant.  Animals  take  into  the  lungs  air  loaded  with  oxygen  and  throw 
it  off  so  charged  with  carbonic  acid  as  to  be  incapable  of  again  serving  for 
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the  puri)Oses  of  respiration.  The  green  parts  of  plants  on  the  contrary, 
aosorb  air,  decompose  the  carbonic  acid  it  contains,  retain  the  carbon  and 
give  off  air  contaning  no  carbonic  acid  but  a  large  amount  of  oxygen.  This 
is  a  most  beautiful  illustration  of  the  mutual  dependence  of  the  different 
orders  of  created  beings  upon  one  another.  Were  it  not  for  plants  the 
air  would  rapidly  become  so  vitiated  as  to  cause  the  total  extinction  of 
animal  life  ;  were  it  not  for  animals,  plants  would  not  thrive  for  want  of 
tlie  food  now  supplied  in  the  form  of  carbonic  acid  by  the  living  animal. 
As  it  is,  the  one  order  of  beings  prepares  the  air  for  the  sustenance  and 
support  of  the  other,  and  so  admirably  is  the  matter  adjusted  that  the 
composition  of  the  air  is,  within  very  narrow  limits,  invariably  the  same. 

The  amount  of  carbonic  acid  varies  from  37  as  a  minimum  to  6"2  as  a 
maximum  in  lOOUO  volumes. 

Carburetted  Hydrogen  is  produced  during  the  decay  of  animal  and  vege- 
table substances.  It  is  one  of  the  chief  ingredients  of  common  illuminat- 
ing gas,  and  is  poisonous  to  anunals  when  present  in  the  airs  in  large  quan- 
tities. 

206.  One  of  the  most  remarkable  characteristics  o^ 
gases,  is  the  property  they  possess  of  diffusing  themselves 
among  one  anotlier.  Thus  if  a  light  gas  and  a  heavy  one 
are  once  mixed  they  exhibit  no  tendency  to  separate  again 
and  no  matter  how  long  they  may  be  allowed  to  stand  at  rest, 
they  are  found  upon  examination  intimately  mingled  with 
each  other.  Moreover  if  two  vessels  be  placed  one  upon 
the  other,  the  upper  being  filled  with  any  light  gas  (hydro- 
gen) and  the  lower  with  any  heavy  gas  (carbonic  acid) 
and  if  the  two  gases  be  allowed  to  communicate  with  one 
another  by  a  narrow  tube,  or  a  porous  membrane,  a 
remarkable  interchange  rapidly  takes  place,  i.  e.,  in  direct 
opposition  to  the  attraction  of  gravity  the  heavy  gas  ascends 
and  the  light  gas  descends  until  they  become  perfectly 
mixed  in  both  vessels. 

NoTE.-The  property  of  gaseous  diffusion  has  a  very  intimate  bearing  upon 
the  composition  of  the  air.  If  either  of  the  constituents  of  the  air  were 
to  separate  from  the  mass,  the  extinction  of  life  would  soon  follow.  Besides 
were  it  not  for  the  existence  of  this  property,  various  vapours  would 
accumulate  in  certain  localities,  as  large  cities,  manufacturing  districts, 
volcanic  regions,  &c.,  in  such  quantities  as  to  render  them  totally  unin- 
habitable. 

207.  In  addition  to  the  gases  already  mentioned, 
atmospheric  air  always  contains  more  or  less  water  in  the 
form  of  invisible  vapour.  This  is  derived  partly  from 
combustion,  respiration  and  decay,  but  chiefly  from  spon- 
taneous evaporation  from  the  surface  of  the  earth.  The 
amount  of  invisible  vapour  thus  held  in  solution  depends 
\ipon  the  temperature  of  the  air  being  as  high  as  -^  of 
the  weight  of  the  air  in  very  hot  weather,  and  as  low  as 
rfo  ii^  cold. 
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208.  The  blue  color  of  the  sky  is  due  to  h'ght  that  has 
suftered  prolarization,  and  which  is,  therefore  reflected 
light,  like  the  white  light  of  the  clouds.  The  air  appears 
to  absorb  to  a  certain  extent  the  red  rays  and  yellow  rays  of 
solar  light  and  to  reflect  the  blue  rays.  In  the  higher 
regions  the  blue  becomes  deeper  in  colour  and  is  mixed 
wilh  black.  The  golden  tints  of  sunset  depend  upon  the 
large  amount  of  aqueous  vapour  held  in  solution  by  the  air. 

209.  Air  like  all  other  material  bodies  possesses  the 
properties  of  impenetrability,  extension,  inertia,  porosity, 
compressibility,  elasticity,  etc.    (See  Arts.  11-18. 

!NOTE  1. — The  iinpenefrabUifi/  of  atmospheric  air  is  illustrated  by 
various  experiments,  among  which  are  the  following  : 

I.  If  an  inverted  tumbler  be  immersed  in  water  the  liquid  does  not  rise 
in  the  interior  of  the  tumbler,  because  the  latter  is  full  of  air  and  the  water 
cannot  enter  until  the  air  has  been  displaced. 

II.  If  tha  two  boards  of  a  bellows  be  drawn  asunder  and  while  in  tha* 
position  the  nozzle  of  the  bellows  be  closed,  the  boards  cannot  be  pressed 
together  because  the  bellows  is  full  of  air. 

III.  If  an  india-rubber  bag  or  a  bladder  be  inflated  with  air,  and  pres- 
sure applied,  it  is  found  that  there  is  a  material  something  within  which 
keeps  the  sides  asunder, — that  material  something  is  atmospheric  air. 

Note  2.— The  Inertia  of  atmospheric  air  is  shown : — 

I.  By  the  force  of  wind,  which  is  nothing  more  than  air  in  motion. 

II.  By  attempting  to  run  on  a  calm  day,  carrying  an  open  umbrella. 

III.  By  the  apparent  current  of  wind  experienced  on  a  perfectly  calm  day 
by  a  person  standing  on  the  deck  of  a  steamboat,  or  the  platform  of  a  rail- 
way car  when  in  rapid  motion,  which  current  is  caused  by  the  body  dis- 
placing  the  air. 

IV.  By  causing  a  feather  and  a  ball  of  lead  to  fall  in  a  vacuum,  when  it 
is  observed  that  they  fall  with  the  same  velocity.  In  the  atmosphere, 
however,  the  ball  falls  faster  than  the  feather  because  it  contains  a  greater 
amount  of  matter  with  the  same  extent  of  surface  as  the  feather,  and 
meets  hence  with  less  resistance  from  the  inertia  of  the  air. 

210.  Air,  in  common  with  all  other  forms  of  matter,  is 
acted  on  by  the  attraction  of  gravity,  and  hence  possesses 
weight. 

Note  1. — This  is  the  fundame»  faf  fact  in  the  science  of  pneumatics.  To 
prove  it  we  take  aglass  globe  capable  of  containing  100  cubic  inches,  and  after 
weighing  it  accurately,  withdraw  from  it,  by  means  of  an  air  pump,  all 
the  air  it  contains.  When  we  weigh  it  again  we  find  that  its  weight  is 
about  31  grains  less  than  when  filled  with  air. 

100  cubic  inches  of  Atmospheric  Air  weigh 31  grains. 

100  "  Oxygen  "     34       " 

100  "  Nitrogen  "     30       " 

100  "  Carbonic  Aeid         "     47i      " 

100  "  Hydrogen  "     2       " 

Note  2. — Although  a  small  quantity  of  air  when  examined  appears  to  be 
almost  imponderable,  the  aggregate  weight  of  the  entire  atmospnere  is  enor- 
mous, being  «qual  to ; 
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I.  Five  thousand  millions  of  millions  of  tons,  Di- 
li. A  globe  of  lead  66  miles  in  diameter,  or 

III.  An  ocean  of  water  covering  the  whole  surface  of  the  earth  to  the 
depth  of  32  feet,  or 

IV.  A  stratum  of  mercury  covering  the  entire  surface  of  the  globe  to  the 
depth  of  30  inches. 

211.  Since  the  air  is  ponderable  and  also  compressible, 
and  since  the  lower  stratum  has  to  sustain  the  pressure  of 
the  superincumbent  portion,  it  necessarily  follows  that  the 
air  is  denser  near  the  surface  of  the  earth  than  in  the 
higher  regions  of  the  atmosphere. 

212.  The  density  of  tlie  air  decreases  in  geometrical 
progression,  while  the  elevation  increases  in  arithmetical 
progression.  That  is  at  the  height  of  2*7  miles,  the  atmos- 
])heric  pressure  is  reduced  to  one-half,  at  twice  that  height 
to  one  fourth,  at  three  times  that  height  to  one-eighth,  <fec. 

Note. — The  following  table  exliibits  the  density,  elasticity  and  pressure 
of  the  air  at  the  different  elevations  given.  Halley  fixed  the  height  at 
which  the  pressure  decreased  to  one-half  at  3^  miles,  but  a  more  careful 
collection,  by  Biot  and  Arago,  of  the  observations  made  on  the  Andes  and  in 
balloons,  respecting  the  upward  decrease  of  pressure  and  temperature,  has 
led  to  the  adoption  of  27  mOes  as  the  point  at  which  we  may  say  that  one- 
lialf  of  the  atmosphere  is  beneath  us. 


HEIGHT  IN  MILES. 

DENSITT. 

HEIGHT  IN  INCHES  OP 
COLUMN  OFMEECUET. 

PEESSUEE  IN  lbs. 
THE  SQ.  INCH. 

TO 

2.7 

i 

15 

7.5 

5.4 

i 

7.5 

3.75 

8.1 

i 

8 

3.75 

1.875 

10.8 

-A' 

1.875 

.937 

13.5 

-aV 

.937 

.468 

16.2 

'r 

.468 

.234 

18.9 

lis 

.234 

.117 

21.6 

-b 

.117 

.058 

24.3 

A^i 

.058 

.029 

27.0 

ToW 

.029 

.014 

29.7 

S04» 

.014 

.007 

213.  The  pressure  of  the  air  is  a  necessary  consequence 
of  its  weight,  and  is  equal,  at  the  level  of  the  sea,  to  about 
15  lbs.  to  the  square  inch. 
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Note.— By  saying  tTiat  the  pressure  of  the  atmosphere  is  equal  to  15  lbs 
to  the  sq.  inch,  we  mean  that  it  is  capable  of  balancing  a  column  of  mercury 
30  inches  in  height,  and  a  column  of  mercury  30  inches  in  height  and  having 
a  sectional  area  of  1  sq.  inch  weighs  15  lbs.  Or  in  other  words,  that  a  co- 
lumn of  air  having  a  sectional  area  of  1  sq.inoh,  and  extending  from  the 
level  of  the  sea  to  the  top  of  the  atmosphere  weighs  15  lbs. 

214.  Air  at  60°  F.  is  810  times  as  liu;lit  as  water,  and 
10466  times  as  liglit  as  mercury.  It  follows  that  the 
pressure  of  the  atmosphere  is  equal  to  that  of  a  column  of 
air  of  the  same  density  as  that  at  the  surface  of  the 
earth  810  times  32  feet  or  10466  times  30  inches  in 
height.  That  is,  if  the  air  were  throughout  of  the  same 
density  that  it  is  at  the  level  of  the  sea,  it  would  extend  to 
the  height  of  about  5  miles. 

215.  The  particles  of  elastic  gases,  unlike  those  of 
solids  or  liquids,  possess  no  cohesive  attraction, but  on  the 
contrary  a  powerful  repulsion,  by  means  of  which  they  tend 
to  separ.ate  from  one  another  as  far  as  possible. 

216.  Permanently  elastic  fluids  such  as  titmospheric 
air,  and  certain  gases,  are  chiefly  distinguished  from  non- 
elastic  fluids,  such  as  water,  by  the  possession  of  almost 
perfect  elasticity  and  compressibility. 

Note.— Air  and  certain  gases  as  Oxygen,  Hydrogen,  Nitrogen,  &c.,  are 
called  permanently  elastic  to  distinguish  them  from  a  number  of  others 
as  Carbonic  Acid,  Nitrous  Oxide,  &c.,  which  under  great  pressure  and 
intense  cold  pass  first  into  the  liquid  and  finally  into  the  solid  state. 

217.  If  a  liquid  be  placed  in  a  cylinder  under  the  piston 
it  will  remain  at  the  .^amc  level,  no  matter  to  what  height 
the  piston  may  be  raised  above  it,  but  if  a  portion  of  air  or 
any  other  elastic  gas  be  thus  placed  in  the  cylinder  and 
the  piston  be  air  tight,  the  confined  air  will  expand  upon 
raising  the  piston  and  will  always  fill  the  space  beneath  it, 
however  great  this  may  become.  This  expansibility  or 
tendency  to  enlarge  its  volume  so  as  entirely  fill  the  space 
in  which  it  is  inclosed  is  termed  elastieity. 

Note. — It  is  obvious  that  the  elasticity  of  air  is  duo  to  the  repulsive 
power  possessed  by  the  particles. 

218.  The  law  determining  the  density  and  elasticity  of 
gases  under  diflerent  pressures  was  investigated  by  Boyle 
in  1660,  and  afterwards  by  Mariottc. 
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Note.— To  illustrate  this  law  we  taka  a  bent  glass 
tube  Fig.  20,  having  one  limb  A  C  much  longer  than  the 
other.  The  longer  limb  is  open  and  the  shorter  fur- 
nished with  a  stop- cock. 

Both  ends  being  open  a  quantity  of  mercury  is 
poured  into  the  tube  and  of  course  rises  to  the  same 
level  in  both  legs— the  surface  of  the  mercury  at  A  a, 
sustaining  the  weight  of  a  column  of  air  extending  to 
tlie  top  of  the  atmosphere.  We  now  close  the  stop- 
cock and  thus  shut  off  the  pressure  of  the  atmosphere 
above  that  point,  so  that  the  surface  a,  cannot  be 
affected  by  the  weight  of  the  atmosphere — i.  e.,  cannot 
be  influenced  by  atmospheric  pressure.  We  find, 
however,  that  the  mercury  in  both  limbs  remains  at 
the  same  level,  fromjwhieh  we  infer  that  the  elastic 
force  of  the  air  confined  above  a  is  equal  to  the  weight 
of  the  whole  column  on  a  before  the  stop  cock  was 
closed. 

Hence  the  elasticity  of  the  air  is  equal  to  its  weight, 
which  is  equal  to  a  column  of  mercury  30  inches  high. 

If  now  we  pour  mercury  into  the  tvibe  until  the 
air  confined  above  a  is  compressed  into  half  its  former 
volume,  i.  e.,  until  the  mercury  rises  to  b  in  the  shorter 
tube,  we  shall  find  that  the  column  of  mercury  b  B  in 
exactly  30  inches  in  length,  or  in  other  words,  we  have 
doubled  the  pressure  on  the  air  con.lned  in  the  shorter 
tube  and  have  decreased  its  volume  to  one-half  its 
former  dimensions,  and  at  the  same  time" doubled  its 
elastic  force  since  it  now  reacts  against  the  surface  of 
the  mercury  with  a  force  equal  to  60  lbs.  to  the  square 
inch. 

If  we  increase  the  height  of  the  mercury  in  the 
longer  leg  to  60  inches  above  its  height  in  the  shorter 
leg,  we  shall  compress  the  air  into  one-third  its  original 
volume  and  at  the  same  time  treble  its  elasticity,  and 
80  on.    Hence  the  law  of  Mariotte. 

219,  Mariotte's  law  may  be  thus  enun- 
ciated. 

I.  The  density  and  elasticity  of  a  gas  vary 
directly  as  the  pressure  to  which  it  is  subjected. 

II.  The  volume  which  a  gas  occupies  under 
different  pressures  varies  inversely  as  the  force 
of  compression. 

Note. — Recent  researches  tend  to  prove  that  Mariotte's  law  is  true  only 
within  certain  limits,  and  that  all  gases  vary  from  the  law  when  subjected 
to  very  great  pressures,  their  density  increasing  in  a  greater  ratio  than  their 
elasticity.  With  atmospheric  air  the  law  holds  good  to  a  far  greater  extent 
than  with  any  other  gas,  the  correspondence  being  found  to  be  rigidly  exact 
when  the  air  is  expanded  to  300  volumes,  and  also  when  it  is  compressed 
into  -^^  ofits  primary  volume. 

Mariotte's  law  would  require  the  air  to  be  indefinitely  expansible  while 
we  know  that  there  is,  beyond  all  doubt,  an  upward  limit  to  the  atmos- 
phere. Dr.  Wollaston  imagines  that  when  the  particles  of  air  are  driven 
a  certain  distance  apart  by  their  mutual  repulsive  power,  the  weight 
of  the  individual  particles  comes  at  last  to  balance  this  repulsive  force 
and  thus  prevent  their  further  divergence.    If  this  be  the  case  as  is 
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probable  from  various  considerations,  there  is  a  limit  to  the  rarefac- 
tion of  a  gas,  arriving  at  which  the  gas  ceases  to  expand  further  and  comes 
to  have  a  true  upper  surface  like  a  liquid.  As  has  been  already  remarked 
this  exact  limit  and  upper  surface  of  the  atmosphere  is  supposed  to  be  at 
an  elevation  certainly  not  greater  than  45  miles— Biot  fixes  it  at  30  miles. 

220*  The  air  pump,  as  its  name  implies,  is  an  instrument 
used  for  pumping  out  or  exhausting  the  air  from  any  closed 
vessel. 

221.  The  bell-shaped  glass  vessel  usually  attached  'to 
the  air-pump  is  called  a  Heceivr,  and  Avhen  tlie  air  is 
exhausted  as  far  as  practicable  from  this  a  vacuum  is  said 
to  have  been  produced. 

Note.— The  air  pump  was  invented  by  Otto  Guericke,  a  celebrated 
Burgomaster  of  Magdeburg,  in  the  year  1560.  At  the  close  of  the  Imperial 
Diet  in  1564,  he  exhibited  his  first  public  experiments  with  it  before  the 
emperor  and  assembled  princes  and  nobles  of  Germany.  On  this  occasion 
heexhaustod  the  air  from  two  12-inch  hemispheres  fitted  together  by  ground 
edges  and  greatly  astonished  his  noble  audience  by  showing  that  the  com- 
bined strength  of  12  horses  was  insufficient  to  pull  them  asunder. 

The  exhausting  syringe  of  Otto  Guericke  was  so  imperfect  in  its  action 
that  while  using  it  he  was  compelled  to  keep  it  immersed  in  water  to  pre- 
vent the  inward  leakage  of  the  air.  Since  his  time,  however,  the  attention 
of  many  eminent  men  has  been  directed  to  the  subject,  and  the  form  and 
construction  of  the  air-pump  have  been  very  greatly  improved, 

222.  The  exhausting  syringe  which  is  the  essential  part 

of  an  air-pump,  consists  of  a  brass  cylinder  abed,  supplied 

with  an  air-tight  piston  e/",  and  an  arrangement  of  valves 

hk,  by  means  of  which  the  air  is  permitted  to  pass  out 

fiom  the  receiver  q  and  through  the  piston  ef,  but  not  in 

the  contrary  direction. 

Note. — When  the  piston  e/  is  raised  the  valve  h  closes,  and  as  the  piston 
in  its  ascent  produces  a  partial  vacuum  be- 
neath it,  the  air  contained  in  the  receiver  q  Fig.  21. 
opens  the  valve  k  by  its  expansive  power  and 
thus  refills  the  cylinder  abed.    Now  when  the 
piston  is  forced  down  again,  the  air  contained 
in  the  cylinder  tends  to  rush  back  into  the  re- 
ceiver but  in  doing  so  closes  the  valve  k,  and     "-] 
has  therefore  no  other  mode  of  escape  than         I 
through  h,  thus  passing  above  the  piston  to  be       ''^i 
lifted  out  at  the  next  stroke.    In  this  manner 
the  air  continues  to  bo  exhausted  until  what         L 

remains  in  the  receiver  has  not  sufficient  ex-      i-Zf'        °^ if '-/' 

pansive  power  to  open  the  valve  A-,  when  the  J  i J  I 

exhaustion  is  said  to  be  complete.  j-^ '  "' 

223.  The  principle  upon  which  the  air-pump  acts  is 
the  elasticity  or  expansibility  of  the  air,  and  since  in  order 
to  enable  the  pump  to  act,  the  air  contained  in  the  receiver 
must  possess  sufficient  elastic  force  to  raise  the  valve,  it 
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follows  that  a  perfect  vacuum  cannot  be  secured  by  the 

air-pump.     Thus,  pumps  of  common  construction  will  not 

withdraw  more   than  -^-^^  of  the  contained   air,  but  the 

improved  form  is  said  to  exhaust  toVA- 

Note. — If  vre  suppose  the  cylinder  of  the  exhausting  syringe  to  have  the 
same  effective  capacity  as  the  receiver,  and  tliat  the  piston  passes  at  each 
stroke  the  wliole  lengtli  of  the  cylinder,  it  is  evident  that  in  raising  the 
piston  to  the  top  of  the  cylinder  and  then  depressing  it  again  to  the  bottom, 
one-half  of  the  air  will  have  passed  from  the  receiver  ;  the  remaining  half 
completely  tilting  it,  but  having  only  half  as  much  density  and  elassicity  as 
before.  The  second  stroke  of  the  piston  will  reduce  the  quantity,  density, 
and  elasticity,  to  one-fourth,  the  third  to  one-eighth,  and  so  on  as  exhibited 
bj  the  following  table : — 

STKOKE.   GOES  OUT.       I-EFT  IN      ELASTIC  TOECB  OF  THE  EEMAINDEE. 
VESSEL. 

1st,  I    of  1    =r    J  15  in.  of  mercury,  or  7.35  lbs  per  sq.  in. 

-  2nd,  i    of  i    z=    ^  7nn.  of 

3rd,  1    of   i    =    j  31  in.  of 

4th,  i    of  i    =  -iV  1.875  in.  of  ' 

5th,  i    of  iV  =  ^^f  0.937  in.  of  ' 

6th,  i    of  ^j-  =  -gV  0.468  in.  of  ' 

7th,  i    of  ^4    =  xis  0.234  in.  of  ' 

8th,  i    of  lis  =:^j  0.1l7in.  of  ' 

9th,  I    of^A^  =Tii  0.058  in.  of  ' 

224.  The  condensing  syringe,  which  is  used  for  forcing 
air  into  a  receiver  or  condensing  chamber,  dififers  from  an 
exhausting  syringe  only  in  the  fact  that  its  valves  open 
inward  towards  the  chamber  instead  of  outward. 

225.  The  Air-pump  is  chiefly  employed  to  illustrate 
the  pressure  and  elasticity  of  the  air. 

Note  1. — The  pressure  of  the  atmosphere  maybe  shown  by  innumerable 
experiments  among  which  are  the  following : — 

I.  When  the  air  is  exhausted  from  the  receiver  of  an  air-pump  the  re- 
eeiver  is  firmly  fastened  to  the  plate  and  cannot  be  removed  until  the  air 
is  re-admitted. 

II.  The  hand  placed  on  the  open  end  of  the  receiver  is  pres.'3cd  inward 
with  a  force  sufficiently  great  to  cause  pain. 

III.  Thin  square  glass-tubes  are  crushed  when  the  air  is  exhausted  from 
them. 

IV.  In  the  surgical  operation  of  aipping,  the  air  is  removed  from  a  small 
cup  which  is  then  placed  over  an  opened  vein;  the  pressure  of  the  air  on 
the  surrounding  parts  causes  the  blood  to  flow  rapidly  into  the  cup. 

V.  When  a  cask  of  beer  is  tapped,  the  beer  does  not  run  until  a  small 
hole  called  the  vent-hole  has  been  made  in  the  upper  part  of  the  cask. 
Through  this  the  atmospheric  air  enters  and  pressing  on  the  surface  of  the 
beer  with  a  force  of  15  lbs.  to  the  square  inch,  forces  it  through  the  tap. 

VI.  The  useful  small  glass  instruments  c&WeApipettes  act  upon  the  prin- 
ciple of  atmospheric  pressure. 

VII.  A  hole  is  usually  made  in  the  lid  of  a  tea-pot  so  as  to  bring  Into  play 
the  presture  of  the  atmosphere  and  thus  cause  the  beverage  to  flow  more 
rapidly. 
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VIII.  Flies  walk  on  glass  or  on  the  ceiling  by  producing  a  vacuum  under 
each  foot  which  is  thus  pressed  against  the  surface  with  a  force  sufficient 
to  sustain  the  weight  of  the  insect.  The  Gecko,  a  South  American  lizard, 
has  a  similar  apparatus  attached  to  each  foot.  And  witliin  the  past  few 
years  a  man  has  succeeded  in  walking  across  a  ceiling  with  his  head  down- 
wards, by  alternately  withdrawing  and  admitting  the  air  between  his  feet 
and  the  ceiling. 

IX.  Pneumatic  chemistry,  i.  e.,  the  mode  of  collecting  gases  ovei"  water 
depends  upon  the  principle  of  atmospheric  pressure. 

X.  If  a  tumbler  or  other  glass  vessel  be  filled  with  water  and  covered  with 
a  piece  of  paper,  and  the  liaud  be  tlien  placed  firmly  on  the  paper  an  1  the 
whole  suddenly  and  carefully  inverted,  the  water  docs  not  fiow  out  of  the 
vessel  upon  removing  the  hand — being  held  by  the  upward  prsssure  of  the 
atmosphere. 

XI.  Suction  is  the  effect  of  atmospheric  pressure,  as  illustrated  by  draio  • 
ing  liquids  into  the  mouth,  also  by  the  leather  sucker  used  by  boys. 

XII.  Tlie  pressure  of  the  air  is  shown  by  the  fact  that  it  supports  or  ba- 
lances a  column  of  mercury  30  inches  or  a  column  of  water  32  feet  in  heiglit. 

XIII.  The  pressure  of  the  atmosphere  retards  ebullition  or  boiling. 
Thus  if  some  boiling  water  be  partially  cooled  and  then  placed  under  the 
receiver  of  an  air-pump  and  the  air  exhausted,  the  water  recommences  to 
boil,  owing  to  the  decreased  pressure.  Or  if  some  water  be  boiled  in  a  small 
flask  and  the  flask  corked  while  the  water  is  boiling,  upon  allowing  the 
water  to  cool  partially  and  then  plunging  the  small  flask  in  a  large  vessel 
of  cold  water,  the  water  in  the  flask  again  begins  to  boil ;  the  reason  is,  tho 
cold  water  condenses  the  vapour  in  tho  upper  part  of  the  flask  and  thus 
produces  a  partial  vacuum. 

Note  2.— The  elasticity  of  the  air  may  be  shown  by  various  experim  uts 
among  which  are  the  following  : — 

I.  The  exhaustion  of  the  receiver  of  the  air-pump  is  a  proof  of  the  el  isti- 
city  of  the  air. 

II.  The  elasticity  of  the  air  is  shown  by  placing  a  thin  square  bottle  with 
its  mouth  closed,  under  the  receiver,  and  exhausting  the  surrounding  air, 
the  bottle  is  broken  by  tho  elastic  force  of  the  contained  air. 

III.  When  some  withered  fruit,  as  apples,  figs,  or  raisins,  with  unbroken 
skins  are  placed  under  the  receiver,  and  the  surrounding  air  exhausted, 
they  become  plump  from  the  elasticity  of  the  included  air. 

IV.  The  elasticity  of  the  air  is  shown  by  the  operation  of  the  air-guri, 

v.  The  elasticity  of  the  air  is  taking  advantage  of  in  applying  air  a*  • 
stuffing  material  for  cushions,  pillows  and  beds. 

226.  Tlie  barometer  (Greek  baros  "  weight "  and  metreo 
"  I  measure  ")  is  an  instrument  designed  to  measure  the 
variations  in  the  amount  of  atmospheric  pressure. 

Note.— The  barometer  was  invented  about  the  middle  of  tho  seven- 
teenth century  by  Tori'icelli,  a  pupil  of  the  celebrated  Galileo. 

227.  The  essential  parts  of  a  barometer  are  : — 

Ist.  A  well  formed  glass  tube  33  or  34  inches  long, 
closed  at  one  end  and  having  a  bore  equal  throughout,  of 
two  or  three  lines  in  diameter.  The  tube  contains  piue 
mercury  only,  and  is  so  arranged  that  the  mercury  is  sup- 
ported in  the  tube  by  the  pressure  of  the  atmasphere;  and 
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2nd.  An  attached  graduated  scale  and  various  appliances 

for  protecting  the  tube  and  ascertaining  the  exact  height 

of  the  column  of  mercury. 

Note. — The  vacant  space  between  the  top  of  the  column  of  mercury  and 
♦■he  top  of  the  tube  is  called  the  Torricellian  vacuum,  in  honor  of  the 
inventor  of  the  barometer,  and  in  a  good  instrument  is  the  most  perfect 
vacuum  that  can  be  produced  by  art. 

228.  The  excellency  of  a  barometer  depends  principally 
upon  the  purity  of  the  mercury  in  the  tube  and  the  perfect- 
ness  of  the  Torricellian  vacuum. 

The  value  of  the  instrument  may  be  tested  :— 

Ist.  By  the  brightness  of  the  column  of  mercury,  and  the  absence  of  any 
speck,  flaw,  or  dullness  on  its  surface. 

2nd.  By  the  barometric  light;  i.  e.,  flashes  of  electric  light  produced  in 
the  dark  iu  the  Torricellian  vacuum  by  the  friction  of  the  mercury  against 
the  glass. 

3rd.  By  the  clearness  of  the  ring  or  clicking  sound  produced  by  making 
the  mercury  strike  the  top  of  the  tube,  and  which  is  greatly  modified 
when  any  particles  of  air  are  present  above  the  column. 

229.  The  cause  of  all  the  oscillations  in  the  barometer 
is  to  be  found  in  the  unequal  and  constantly  varying  dis- 
tribution of  heat  over  the  earth's  surface.  If  the  air  is 
much  heated  at  any  spot  it  expands,  rises  above  the  mass 
of  air,  and  rests  upon  the  colder  portions  surrounding  it. 
The  ascended  air  consequently  flows  oft'  laterally  from 
above,  the  pressure  of  the  air  is  decreased  in  the  warmer 
place  and  the  barometer  falls.  In  the  colder  surrounding 
places,  however,  the  barometer  rises,  because  the  air  that 
ascended  in  the  warmer  region  is  diftused  over  and  presses 
upon  the  atmosphere  of  these  cooler  parts. 

Note. — It  is  found  that  the  fluctuations  in  the  height  of  the  barometer 
vary  greatly  in  extent  in  different  latitudes— being  so  small  in  tropical 
regions  as  ahnost  to  escape  notice,  and  comparatively  so  fitful  and  extreme 
in  the  temperate  and  frigid  zones  as  to  defy  all  attempts  at  reducing  them 
to  any  system.  In  oiir  climate  the  column  varies  in  height  from  a  little 
over  30  inches  as  a  maximum  to  a  little  over  27  inches  as  a  minimum. 
Within  the  torrid  zone  the  column  of  mercury  scarcely  ever  exhibits  any 
disturbance  greater  than  what  would  occur  in  Canada  before  a  slight  thun- 
der storm— but  such  a  disturbance  is  there  the  sure  and  rapid  precursor  of 
one  of  those  mighty  atmospheric  convulsions  which  sometimes  desolate  vast 
regions  and  which  are  frequently  as  disastrous  in  their  efi'ects  as  the  most 
violent  eartliquakes. 

230.  Besides  the  irregular  fluctuations  depending  upon 
the  weather,  the  barometer  is  subject  to  regular  semi-dim-nal 
oscillations  depending  upon  atmospheric  tides,  caused  by 
the  heat  of  the  sun — the  two  maxima  of  pressure  always 
occurring  at  about  9  a.m.  and  9  p.m.  and  the  two  minima 
at  about  3  a.m.  and  3  p.m. 
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Note. — Tho  semi-diurnal  oscillation  is  greatest  at  the  equator,  where  it 
averages  one-tenth  of  an  inch — diminishing  to  six-hundredtlis  of  an  incli 
in  lat.  30*^,  beyond  which  it  still  decreases,  and  in  our  climate  becomes 
completely  masked  by  the  irregular  fluctuations  peculiar  to  the  temperate 
and  frigid  zones. 

231.    USE    OF    THE   BAROMETER  AS   A   WEATHER   GLASS. 

I.  The  state  of  the  weather  to  he  expected  depends  not  so  much 
upon  the  absolute  height  of  the  column  of  mercury  as  upon  the 
EAPiDiTY  AND  EXTENT  OF  ITS  MOTION  whether  rising  or  falling. 

Note. — If  tho  mercury  have  a  convex  surface  the  column  is  rising ;  if 
the  surface  is  concave  the  column  is  falling,  when  the  surface  is  flat  the 
column  is  usually  changing  from  one  of  these  states  to  the  other. 

II.  A  fall  in  the  barometer  generally  indicates  approaching  rain ^ 
high  winds f  or  a  thunder  storm. 

III.  Jl  rise  in  the  mercury  commonly  indicates  the  approach  of 
fine  weather  ;  sometimes,  however,  it  indicates  the  approach  of  a 
fh,ow  storm. 

IV.  j1  rapid  rise  or  fall  in  the  mercury  indicates  a  sudden 
change  of  weather. 

V.  A  steady  rise  in  the  column,  continued  for  two  or  three  days^ 
is  generally  folloived  by  a  long  continuance  of  fine  settled  weather. 

VI.  A  steady  fall  in  the  column,  continued  for  two  or  three  days, 
is  commonly  followed  by  a  long  continuance  of  rainy  weather. 

VII.  A  fluctuating  state  in  the  height  of  the  mercury  coinciden 
with  unsettled  weather. 

Note.— The  barometer  is  far  more  valuable  as  a  means  of  ascertaining; 
approaching  changes  in  the  state  of  the  wind  than  in  foretelling  the  ap* 
proach  of  wet  or  dry  weather. 

232.  To  ascertain  ihe  height  of  mountains,  &c.,  by  the 
barometer. 

HALLEY'S  RULE. 

I.  Find  the  logarithm  corresponding  to  the  number  which  ex* 
presses  the  height  in  inches  of  the  column  of  mercury  in  the  baro- 
meter at  the  level  of  the  sea. 

II.  Find  also  the  logarithm  corresponding  to  the  number  which 
expresses  in  inches  the  height  of  the  column  in  the  barometer  at  the 
top  of  the  mountain  or  other  given  elevation. 

III.  Subtract  the  latter  of  these  logarithms  from  the  former^ 
multiply  the  remainder  by  the  constant  number,  62170,  and  the 
result  will  be  the  elevation  in  English  feet. 

Note.— The  number  62170  in  this  rvile,  and  63946  in  the  following,  were 
selected  by  Halley  from  certaiu  mathematical  reasons  into  which  it  is 
unnecessary  to  enter. 

Example  281.-^On  the  top  of  a  certain  mountain  the  barometer 
stands  at  the  height  of  21-793  inches,  while  on  the  surface  of 
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the  earth  it  stands  at  29- 780  inches  ;  required  the  height  of  the 
mountain  ? 

SOLUTION. 

Logarithm  of  29'780  =  1-473923  and  logarithm  of  21-793  =  1-328317. 
Then  from  1-473925 
Subtract  1-328317 


Remainder  =   -145608X62170  =  9052  feet.  Ans. 
RULE  WITH  CORRECTION  FOR  TEMPERATURE. 

I.  Obtain,  as  before,  the  difference  betv}een  the  logarithms  of 
the  numbers  expressing  the  heights  at  which  the  mercury  stands  at 
the  surface  of  the  earth  and  on  the  summit  of  the  mountain. 

II.  Multiply  this  difference  by  the  constant  number,  63946 — the 
result  IS  the  elevation  in  feet,  if  the  mean  temperature  of  the  surface 
of  the  earth  and  the  elevation  is  69-68°  Fahr. 

III.  If  the  mean  temperature  of  the  two  elevations  be  not  69-68" 
Fahr.,  add  -^-^  of  the  ivhole  weight  found  for  each  degree  above* 
69-68°,  or  subtract  the  same  quantity  if  the  mean  temperature  be 
below. 

Example  282. — Humboldt  found  that  at  the  level  of  the  sea, 
near  the  foot  of  Chimborazo,  the  mercury  stood  at  the  height  of 
30  inches,'while  at  the  summit  of  the  mountain  it  was  only  14-85 
inches.  At  the  same  time  the  temperature  at  the  base  of  the 
mountain  -was  87=  Fahr.,  and  at  the  top  50-40°  Fahr.  What  is 
the  height  of  Chimborazo  ? 

SOLUTION. 

Log.  of  30  =:  1-477121,  log.  of  14.85  =  1-171724  and  mean  temporatiu-e  =: 
87li_5£_4:_13r4:^^g_^^„_ 

Then  1-477121  —  1*171724  ==  -305397. 
And  -305397X63946=  19539  feet. 

Since  the  mean  temperature  of  the  two  stations  is  1'  less  than  69-68°,  we 
deduct  ■,-|^  of  the  elevation  found. 

zlrs  of  19539  =  40-7  ft.  and  19539  —  40-7  =  19498-3  ft.  Ans. 

LESLIE'S  RULE. 

FOR  MEASURING  HEIGHTS  BY  THE  BAROMETER   WITHOUT   THE  USE   OF 
LOGARITHMS. 

I.  Note  the  exact  height  of  the  column  of  mercury  at  the  base 
and  at  the  summit  of  the  elevation. 

II.  Then  say,  as  the  sum  of  the  two  pressures  is  to  their  difference  ^ 
so  is  the  constant  number  52000  to  the  answer  in  feet. 

Example  283. — The  barometer  in  a  balloon  is  observed  to  stand 
at  a  height  of  22  inches,  while  at  the  surface  of  the  earth  it 
stands  at  29-8  inches  ;  what  is  the  elevation  of  the  balloon? 
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soixjTioy. 
22+29'8  :  29-8  —  23  : :  52000  : 
52000  X7'8 


Or,  51-8  :  7'8  ; 


52000 


51-8 
EXERCISES. 


Ans. 
=  7837.8  ft.  Ans. 


284.  At  what  height  would  the  mercury  stcaud  in  the  barometer 

at  an  elevation  of  29-7  miles  above  the  earth's  surface  ? 

Jns.  0-0146  inches. 

Note.— Divide  29'7  by  2'7  (See  Art.  212),  the  quotient  is  11,  then  divide 
30  inclies  by  2",  i.  e.  2C48,  and  the  result  is  the  answer. 

285.  At  what  height  will  the  barometer  stand  in  a  balloon  which 

is  at  an  elevation  of  16!;  miles?  ^ns.  -46875  inches. 

286.  *It  is  observed  that  while  the  barometer  at  the  base  of  a 

mountain  stands  at  a  height  of  30  inches,  at  the  top  of 
the  mountain  it  stands  at  a  height  of  only  18  inches, 


required  the  height  of  the  mountain. 

287.  *  While  the  mercury  at  the  base  of 

a  mountain  stands  at  the  height 
of  29-5  inches,  at  the  summit  of 
the  mountain  the  barometer  indi- 
cates a  pressure  of  only  20-4  inches, 
what  is  the  height  of  the  moun- 
tain ?  .^rts.  9482-9  feet. 

288.  fWhile  in  a  balloon  the  barometer 

indicates  a  pressure  of  only  19 
inches,  at  the  surface  of  the  earth 
the  pressure  is  29-94  inches — tak- 
ing the  mean  temperature  of  the 
two  stations  as  72-50o,  what  is 
the  elevation  of  the  balloon? 

Jiis.  12  708  feet. 

233.  The  common  pitmj)  consists 
of  a  barrel  SB,  a  tube  -^^S",  which 
descends  into  the  water  reservoir,  a 
piston  cd,  moving  air-tight  in  the 
barrel  and  two  valves,  v  and  x,  wliicli 
act  in  the  same  manner  as  in  the  ex- 
hausting syringe  of  the  air  pump. 

Note  1. — When  the  machine  begins  to  act 
the  piston  is  raised  and  produces  a  vanuun 
below   it   in   the  barrel,  and  the  atmosi^heric 


Jns.  13000  feet. 
Fig.  22. 


*  Use  Leslie's  rule. 

t  Use  Halley's  rule  with  correction  for  temperature;  i.  e.,  the  second  of 
the  rules  giveu. 
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pressure  ou  the  water  in  the  reservoir  forces  it  up  the  tube  and  through 
the  valve  x  into  the  lower  part  of  the  barrel.  As  the  piston  descends  the 
valve  .T  closes  and  the  water  contained  in  the  barrel  passes  through  the 
valve  V  above  the  piston,  to  be  lifted  out  at  the  next  stroke.  Hence  the 
common  pump  is  sometimes  called  a  lifting  -pump. 

Note  2. — Since  the  specific  gravity  of  mercury  is  13'59G  and  the  pressure 
of  the  atmosphere  sustains  a  column  of  mercury  30  inches  in  height— it 
follows  that  atmospheric  pressure  will  sustain  a  column  of  water  30X13'596 
inches,  or  34  ft.  in  height.    Hence  the  vertical  distance  of  the  valve  .r  above 


Fig.  23. 


thesurfaco  of  the  water  in  the  reservoir  must  be  less 
than  34  feet,  or  taking  the  variations  in  atmospheric 
pressure  into  account,  about  32  feet. 

234.  The  forcing  inim.])  consists  of 
a  suction  piunp  A^  in  which  the  piston 
P  is  a  solid  plug  without  a  valve. 
When  the  piston  P  descends  the 
valve  V  closes  and  the  water  is  forced 
through  the  valve  v'  into  the  chamber 
MN.  The  upper  part  of  this  chamber 
is.  filled  wnth  compressed  air,  which, 
by  the  pressure  it  exerts  against  the 
surface  of  the  water,  ww'  drives  it 
with  considerable  force  through  the 
pipe  or  tube  IIG.  p^ 

Note— Sometimes  the  forcing  pump  is  used 
without  the  air  chamber,  MN.  Fig.  23  exhibits  tlieA 
arrangement  of  the  valves,  &e.,  in  a  common  fire 
engine  with  the  exception  that  there  is  another 
similar  forcing  pump  on  the  other  side  of  the 
air  chamber.  EG  represents  the  tube  leading 
to  the  hose. 

235.  The  Syphon  is  a  bent  tube  of  glass  or  other 
■material  having  one  leg  somewhat  longer  than  the  other 
and  is  used  for  transferring  liquids  from  one  vessel  to 
another.  ^ig.  24. 

Note.— The  machine  is  set  in  operation  by  immers- 
ing the  shorter  leg  in  the  liquid  to  be  decanted,  and 
sucking  the  air  out  of  the  tube,  when  the  press\ire  of 
the  atmosphere  forces  the  liquid  into  the  syphon  over 
the  bend  and  down  through  the  longer  leg.'  Instead  of 
sucking  the  air  out  of  the  syphon,  the  instrument  may 
be  set  in  operation  by  first  filling  it  with  the  liquid 
and,  while  thus  full,  placing  the  finger  over  each  end, 
and  immersing  the  shorter  leg  in  the  liquid. 

Note  2.— In  order  to  understand  why  one  limb 
must  be  shorter  than  the  other,  it  is  only  necessary  to 
remember  that  the  pressure  of  the  atmosphere  acts  as 
much  at  one  extremity  as  at  the  other.  If  we  raise 
the  column  ofliquid  as  far  as  B,  by  sucking  at  the  ex- 
tremity C,  and  then  withdraw  the  mouth,  the  water  falls  back  into  tho 
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vessel  F.  The  column  will  likewise  run  back  if  we  get  it  no  farther  than 
L,  which  is  the  level  of  the  water  in  the  vessel  F,  because  at  that  point  the 
upward  pressure  of  the  atmosphere  prevails  over  the  downward  pressure 
of  the  liquid,  but  if  we  net  the  column  below  L,  the  downward  pressure  of 
the  liquid  exceeds  the  upward  pressure  of  the  atmosphere  and  the  liquid 
will  flow. 

Thus  the  motion  of  the  fluid  in  the  syphon  is  similar  to  the  motion  of  a 
chain  hanging  over  a  pulley, — if  the  two  parts  of  the  chain  be  equal,  the 
fluid  remains  at  rest,  but  if  one  end  be  longer  than  the  other,  it  moves 
in  the  direction  of  the  longer,  and  fresh  links,  so  to  speak,  arc  added  con- 
tinuously to  the  fluid  chain  by  the  atmospheric  pressure  exerted  on  the 
surface  of  the  water. 


CHAPTER  VII. 

DYNAMICS. 

236.  When  the  forces  which  are  the  subject  of  inves- 
tigation are  balanced,  the  consideration  of  them  properly 
comes  under  the  science  of  Statics,  but  when  they  cease  to 
be  bahmced,  and  the  body  acted  upon  is  set  in  motion 
other  principles  become  involved,  and  the  investigation  of 
tliese  constitutes  the  more  complex  science  of  Dijnamics. 

237.  Statics  \s,  Si.  deductive  science,  SAWCQ  ^  \i?>^&Q,i?>  avc 
deducible,  like  those  of  Arithmetic  and  Geometry  from 
abstract  truths  ;  dynamics  is  an  inductive,  experimental  or 
physical  science,  many  of  its  principles  being  capable  of 
proof  only  by  an  appeal  to  the  laws  of  nature. 

238.  Force  may  be  defined  to  be  the  cause  of  the 
chanye  of  motion,  i.  e.,  force  is  required  : — 

1st.  To  change  the  state  of  a  body  from  rest  to  motion 
or  from  motion  to  rest. 

2nd.  To  change  the  velocity  of  motion. 
3rd   To  change  the  direction  of  motion. 

239.  Forces  are  either  ?7is<antoneo»s  or  continued,  and 
continued  forces  are  either  accelerating,  constant  or  retard- 
iny. 

240.  Motion  may  be  defined  to  be  the  opposite  of  rest 
or  a  continuous  changing  of  place. 

241.  Motion  has  two  qualities,  direction  and  velocity, 
and  is  of  three  kinds, 


110  DYNAMICS.  [AETS.  242-251. 

1st.  Direct, 

2nd.  Rotatory  or  Circular;   and 

3rd.    Vibratory  or  Oscillatory. 

242.  An  accelerating,  constant  or  retarding  force  pro- 
duces an  accelerated,  uniform  or  retarded  motion. 

243.  Velocity  is  the  degree  of  speed  in  the  motion  of 
a  body  and  may  be  either  uniform  or  varied.  It  is  uniform 
when  all  equal  spaces  great  or  small,  are  passed  over  in 
equal  times. 

244.  The  principles  of  the  composition  and  resolution 
oi  force  are  equally  applicable  to  motion. 

245.  Momentum  or  Motal  Force  or  Quantity  of 
Motion  is  the  force  exerted  by  a  mass  of  matter  in  motion. 

246.  The  momenta  of  bodies  are  proportional  to  their 
weights,  multiplied  by  their  velocities. 

247.  When  the  velocities  of  two  moving  bodies  are 
equal,  their  momenta  are  proportional  to  their  masses. 

248.  When  the  masses  of  two  moving  bodies  are 
equal,  their  momenta  are  proportional  to  their  velocities. 

249.  When  neither  the  masses  nor  velocities  of  two 
moving  bodies  are  equal,  their  momenta  are  in  proportion 
to  the  products  of  their  weights  by  their  velocities. 

iNoTE. — When  we  speak  of  multiplying  a  velocity  by  a  weight,  we  refer 
to  multiplying  the  number  of  units  of  weight  by  the  number  of  units  of 
velocity,  and  it  makes  no  difference  what  units  of  each  kind  are  employed 
for  the  product,  thus  obtained,  means  nothing  by  itself,  but  only  by  com- 
parison with  other  products  similarly  obtained  by  the  use  of  the  same 
units. 

Forexample,  when  wesay  thataweightof  11  lbs.  moving  6  feet  per  second, 
has  a  momentum  of  66,  all  we  mean  is,  that  in  this  case  the  weight  strikes 
a  body  at  rest  with  66  times  the  force  that  a  body  weighing  one  lb.  and 
moving  only  one  foot  per  second  would  exert. 

250.  If  a  moving  body  M,  having  a  velocity  F,  strike 
another  m  at  rest,  so  that  the  two  masses  shall  coalesce, 
and  move  on  together  with  a  velocity  v,  then  MY.  V=. 
(M-|-»i)Xv;  or  whatever  momentum  may  be  acquired 
by  the  body  m  must  be  lost  by  M. 

251.  If  a  moving  body  J/ having  a  velocity  V,  strike 
another  body  m  moving  in  the  same  direction  with  a 
velocity  v,  so  that  the  two  may  coalesce,  and  move  on 
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together  with  a  velocity  vel, — then  MX.  F+mXf= 
{M'-\-m)Y.vel,  OY  m  other  words,  the  two  bodies  united 
have  the  same  momentum  that  they  separately  had  before 
impact. 

252.  If  a  moving  body  J/ having  a  velocity  F,  strike 
another  body  ni  moving  with  a  velocity  v,  in  the  opposite 
direction,  so  that  the  two  masses  shall  coalesce  and  move 
on  together  with  a  velocity  vel — then  M\V'~^my^vz=. 
{M-\-ni)y^vel  ov  m  oi\\QX  words  the  body  moving  with 
least  force  will  destroy  as  much  of  the  momentum  of  the 
other  as  is  equal  to  its  own  momentum. 

253.  If  a  moving  body  M,  having  a  velocity  F,  strike 
another  body  m  moving  obliquely  towards  it  with  a  velocity 
V,  so  that  the  two  masses  shall  coalesce  and  move  on  together, 
then  by  representing  their  momenta,  just  before  impact 
by  lines  in  the  direction  of  their  motion  and  completing 
the  parallelogram,  the  diagonal  will  represent  the  quanti- 
ty and  direction  of  the  momentum  of  the  combined  mass. 

Example  289. — What  is  the  momentum  of  a  body  weighing 
78  lbs.  and  moving  with  a  velocity  of  20  feet  per  second  ? 

SOLtTTION. 

Momentum  =  78  X  20  =  15C0.    Ans. 
That  is,  the  momentum  of  such  a  body  is  15fi0  times  as  great  as  the  mo- 
mentum of  a  body  weighing  only  1  lb,,  and  moving  only  1  ft.  per  second. 

Example  290. — If  a  body  weighing  67  lbs.  be  moving  with 
the  velocity  of  11  feet  per  second  and  strike  a  second  body  at 
rest  weighing  33  lbs.,  so  that  the  two  bodies  may  coalesce,  and 
more  on  together,  what  will  be  the  velocity  of  the  united  mass  ? 

SOLUTION, 

Art.  250. — If  M  be  the  moving  body,  V  its  velocity,  m  the  body  at  rest 
and  V  the  velocity  of  the  united  mass  ; — 

Then  (M-\-m)  X  u  =  Mx  V  and  therefore  v  =  ^^ 

M+m 
In  this  example,  31:=:  67,  F=  H  and  m  =  33. 

m,,  _   -3^X1^        67X11       737       ^„,    ,  ^    , 

^'^'^  ''  -  Hf+T^  =  67+E  =m=  ^'^^  ^"^^  P"'"  '^^°''*^-  '^'''• 
Example  291. — If  a  body  weighing  50  lbs.  and  moving  with 
a  velocity  of  100  ft.  per  second,  come  in  contact  with  another 
body  weighing  40  lbs.  and  moving  in  the  same  direction  with 
a  velocity  of  20  feet  per  second,  so  that  the  two  bodies  coalesce 
and  move  on  together,  what  will  be  the  velocity  and  momen- 
tum of  the  united  mass  ? 
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SOLUTION. 

Art.  251.— If  M  and  m  be  the  two  bodies,  and  F  and  v  their  separate 
velocities  and  vel  the  velocity  of  the  united  mass : — 

Then  (M+m)X  vel-=zMy.V-\-my.v.    Hence  w?  = :rf-, 

M-\-m 

In  this  example  M  =  50,  m  =  40,  F=  100  and  v  =  20. 

^,       3/XF+j»XiJ       50X100  +  40X20       5000  +  800        5800 

Then  Vel  = r^-. = — : — = =  

M  +  m  50  +  40  90  90 

=  64i  ft.  per  sec,  and  momentum  =  (50  +  40)  X  64^  _  5800.  Ans, 

Example  292. — If  a  body  ■weighing  120  lbs.,  and  moving  to 
the  east  with  a  velocity  of  40  feet  per  second,  come  into  contact 
with  a  second  body  weighing  90  lbs.  and  moving  to  the  west, 
with  a  speed  of  80  feet  per  second,  so  that  the  two  bodies  coal- 
esce and  move  onward  together,  in  what  direction  will  they 
move,  with  what  velocity,  and  what  will  be  their  momentum  ? 

SOLUTION. 

From  Art,  252.  if  M  and  m  be  the  bodies,  and  F  and  v  their  respective 
velocities,  and  vel.  the  velocity  of  the  united  mass  after  impact : — 
Then  {M-\-m)   X  vel.  =  M  X  V  r^  m  X  v  and  hence 

31 X  V  r^mXv 

vel.   = TT-. 

M  -{■  m 

In  this  example  J!f  =  120,  «t  =  90,  F  =  40  and  v  =  80. 

j»/  X  F  ^  mXv  _    (120  X  40)  ^  (90  X80)  _  4800  r^  7200 


Then  vel.  = 


iW+»i  120  +  90  ~         210 


94,00 

=  -^^  =  llf  feet  per  second  =  the  velocity.    11 3  X  (120  +  90)  =  llf  X 

210  =  2400  =  momentum. 

And  since  90  X  80,  the  momentum  of  the  body  moving  to  the  west  is 
greater  than  120  X  40,  the  momentum  of  the  body  moving  to  the  east,  the 
united  mass  moves  to  the  west. 

EXERCISES. 

293.  What  is  the  momentum  of  a  body  weighing  79  lbs.  moving 

with  a  velocity  of  64  feet  per  second  ?  Ans.  5056. 

294.  Which  would  strike  an  object  with  greatest  force,  a  bullet 

weighing  one  ounce  and  propelled  with  a  velocity  of 
2000  feet  per  second,  or  a  ball  weighing  5  lbs.  and  thrown 
with  a  velocity  of  28  feet  per  second  ? 

Ans.  momentum  of  bullet  =  125. 
"  of  ball  =  140. 

Therefore  the  ball  would   exert 
most  force  of  impact. 

295.  Which  has  the  greatest  momentum,  a  train  of  cars  weighing 

I70  tons  and  moving  at  the  rate  of  40  miles  per  hour,  or 
a  steamer  weighing  790  tons  and  moving  at  the  rate  of  9 
miles  per  hour  ?      Ans.   momentum   of  train  =  6800,  of 
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steamer  =  1110,  and  therefore  the  latter  has  most  mo- 
mentum. 

296.  If  a  body  weighing  60  lbs.  and  moving  at  the  rate  of  86 
feet  per  second,  come  in  contact  with  another  body  weigh- 
ing 400  lbs.,  and  moving  in  tlie  same  direction  at  the  rate 
of  12  feet  per  second,  so  that  the  two  bodies  coalesce  and 
move  on  together  ;  what  will  be  the  velocity  and  mo- 
mentum of  the  united  mass? 
Ans.  velocity  =  21^f  feet  per  second  ;  momentum  =  9960. 

29*7.  If  a  body  weighing  56  lbs.  and  moving  with  a  velocity  of 
80  feet  per  second  come  in  contact  with  a  body  at  rest, 
weighing  70  lbs.,  so  that  the  two  bodies  coalesce  and 
move  on  together ;  what  will  be  the  velocity  of  the  united 
mass  ?  Ans.  35.-/'^%  feet  per  second. 

298.  If  a  body  weighing  77  lbs.  and  moving  from  south  to  north, 

with  a  velocity  of  40  feet  per  second,  come  in  contact 
with  another  body  weighing  220  lbs.  and  moving  from 
north  to  south,  with  a  velocity  of  14  feet  per  second,  so 
that  the  two  bodies  coalesce  ;  in  what  direction  and  with 
what  velocity  does  the  united  mass  move? 
Ans.  Their  momenta  exactly  neutralize  each  other  and 
the  bodies  come  to  a  state  of  rest. 

299.  If  a  body  weighing  YO  lbs.,  moving  to  the  south  with  a 

velocity  of  70  feet  per  second,  come  in  contact  with 
another  body  which  weighs  80  lbs.  and  is  moving  to  the 
north  with  a  velocity  of  60  feet  per  second,  so  that  the 
two  bodies  coalesce  and  move  on  together  ;  in  what  di- 
rection will  they  move  and  with  what  velocity  and  mo- 
mentum? Ans.  To  the  south  with  velocity  of  8  inches 
per  second.     Momentum  of  united  mass  =  100. 

300.  If  abody  weighing  600  lbs.  and  moving  to  the  west  with  a 

velocity  of  40  per  second,  come  in  contact  with  a  second 
body  weighing  50  lbs.  and  moving  to  the  east  with  a 
velocity  of  20  feet  per  second,  and  after  the  two  have 
coalesced  they  come  in  contact  with  a  third  body  which 
weighs  100  lbs.,  and  is  moving  in  opposite  direction  with 
velocity  of  150  feet  per  second,  and  the  three  then  coa- 
lesce and  move  on  together  ;  in  what  direction  will  their 
motion  be  and  what  will  be  the  velocity  and  momentum 
of  the  united  mass  ?  Ans.  Direction,  west. 

Velocity  ■=.  10§  feet. 

Momentum  =  8000. 
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264.  When  force  is  communicated  by  impact  to  a 
body  at  rest,  the  body  will  remain  at  rest  until  the  force 
is  distributed  throughout  all  the  atoms  of  the  mass,  unless 
a  fragment  be  broken  off  by  the  force  of  impact,  in  which 
case  this  fragment  alone  moves. 

LAWS   OP   MOTION. 

255.  The  first  law  of  motion. — Every  body  must  persevere 
in  a  state  of  rest  or  of  uniform  motion  in  a  straight  line,  unless  it 
be  compelled  to  change  that  state  by  force  impressed  upon  it. 

256.  The  second  law  op  motion. — Every  change  of  motion 
must  be  in  proportion  to  the  impressed  force,  and  must  be  in  the 
direction  of  that  straight  line  in  which  the  impressed  force  acts. 

257.  Third  law  op  motion. — ill  action  is  attended  by  a  corres- 
ponding re-action,  which  is  equal  to  it  in  force  and  opposite  in 
direction. 

These  laws  are  commonly  known  as  Sir  I.  Newton's  laws  of  motion — in 
reality  however  the  first  is  due  to  Kepler,  the  second  to  Newton  and  the 
third  to  Galileo. 


258.  When  a  moving  elastic  body  strikes  against  the 
surface  of  another  body,  the  direction  of  its  motion  is 
changed,  and  the  motion  thus  resulting  is  said  to  be 
reflected.     Here  : — 

1st.  The  angle  at  which  the  moving  body  strikes  the 
surface  of  the  other  is  called  the  Angle  of  Incidence ; 

2nd.  The  angle  at  which  the  moving  body  rebounds  is 
called  the  Angle  of  Reflection ;  and 

3rd.  The  Angle  of  Reflection  is  always  equal  to  the 
Angle  of  Incidence. 

259.  In  a  vacuum  all  bodies,  whatever  may  be  their 
form  or  density,  fall  towards  the  centre  of  the  earth  in 
vertical  lines  and  with  equal  rapidity ;  but  in  ordinary 
circumstances,  i.  e.,  falling  through  the  air,  only  heavy 
bodies  fall  in  vertical  lines,  and  the  density  and  form  of  a 
body  materially  affect  its  velocity. 

260.  The  resistance  which  a  body  encounters  in  moving 
through  the  atmosphere  or  any  other  fluid,  varies : — 

1st.  Directly  as  the  surface  of  the  moving  body. 
2nd.  Inversely  as  the  square  of  the  velocity  of  the  moving 
body  (See  Art.  147). 
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Note.— In  the  case  of  heavy  bodies  falling  through  the  air,  the  resistance 
of  the  atmosphere  produces  a  considerable  discrepancy  between  the  actual 
fall  of  bodies  and  the  distance  through  which  they  slionld  theoretically  fall. 
Thus,  it  has  been  found  by  experiment  that  a  ball  of  lead  dropped  from 
the  lantern  of  St.  Paul's  Cathedral  required  4^  seconds  to  reach  the  pave- 
ment, a  distance  of  272  feet.  But  in  4^  seconds  the  ball  ought  to  have  fallen 
324  feet  by  theory,  the  difference  of  52  feet  being  due  to  the  retarding  force 
of  the  atmosphere. 

261.  A  heavy  body  falling  from  a  height  moves  with  a 
uniformly  accelerated  motion,  since  the  attraction  of  gravity 
which  causes  the  descent  of  the  body  never  ceases  to  act, 
and  tbe  falling  body  gains  at  each  moment  of  its  descent  a 
new  impulse,  and  thus  an  increase  of  velocity,  so  that  its 
final  velocity  is  the  sum  of  all  the  infinitely  small  but  equal 
increments  of  velocity  thus  communicated. 

262.  Hence  the  velocity  of  a  falling  body  at  the  end  of  the 
second  moment  of  its  descent  is  twice  that  which  it  had  at  the  end 
of  the  first  second ;  at  the  end  of  the  third  second,  three  times  that 
lohich  it  had  at  the  end  of  the  first ;  at  the  end  of  the  fourth,  vova 
times,  Sfc. 

263.  Hence  also  a  heavy  body  starting  from  a  state  of  rest  and 
falling  during  any  time,  acquires  a  velocity,  which  would  in  the 
same  space  of  time  carry  it  through  tivice  the  space  it  has  passed 
over. 

264.  It  has  been  ascertained  by  numerous  and  careful 
experiments,  that  a  falling  body  acquires  at  the  end  of  the 
first  second  of  its  descent,  a  velocity  equal  to  that  of  32 J- 
feet  per  second,  and  hence  during  the  first  second  of  its 
descent  a  body  falls  through  one  half  of  32J-  feet,  i.  e., 
through  IGy'g  feet. 

Note  1.— The  average  speed  of  the  falling  body  is  the  arithmetical  mean 
between  its  initial  and  terminal  velocities,  or  in  the  case  of  the  first  second 
of  its  fall,  between  0  and  32^^  and  this  is  16-1^-. 

Note  2.— In  the  following  exercises  we  shall  use  32  and  16  in  place  of 
32J.-  and  16  Jj,  since  the  fractions  materially  increase  the  labour  of  making 
the  calculations  without  illustrating  the  principles  any  better  than  the 
whole  numbers  used  alone. 
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265.  ANALYSIS  OP  THE  MOTION  OF  A  FALLING  BODY. 


KUMBER 

OF  Seconds. 

Space  passed 

OVER  EACn 

Second. 

Terminal 
Velocities. 

Total  Space. 

1 

1 

2 

1 

2 

3 

4 

4 

3 

5 

6 

9 

4 

■  7 

8 

16 

5 

9 

10 

25 

6 

11 

12 

36 

V 

13 

14 

49 

•   8 

15 

16 

64 

9 

17 

18 

81 

10 

19 

20 

100 

Note. — The  numbers  in  the  second,  thu-d  and  fourth  columns  mean  so 
many  times  16  feet. 

From  this  it  is  evident  that : — 

I.  The  spaces  through  which  the  body  descends  in  equally  succes- 
sive portions  of  time  increase  as  the  odd  numbers,  1,  3,  5,  7,  9,  ^c, 
and  hence  the  space  through  ^ohich  the  body  falls  during  any  second 
of  its  flight,  is  found  by  multiplying  16  feet  by  the  odd  number 
which  corresponds  to  that  second;  i.  e.,  one  less  than  twice  the 
number  of  the  second. 

II.  The  final  velocity  acquired  by  a  falling  body  at  the  end 
of  successive  equal  portions  of  time,  varies  as  the  even  numbers,  2, 
4,  6,  8,  SfC,  and  hence  the  final  velocity  acquired  by  a  body  at  the 
end  of  any  second  of  its  fall,  is  found  by  multiplying  16  feet  by 
twice  the  number  of  seconds, 

III.  The  lohole  space  passed  over  by  a  body  falling  during 
equal  successive  portions  of  time,  varies  as  the  square  of  the  num- 
bers 1,  2,  3,  4,  4'c.,  a7id  hence  the  whole  space  passed  over  during 
any  given  number  of  seconds,  is  found  by  multiplying  IQfeet  by  the 
square  of  the  number  of  seconds. 

266.  Let  t  =  the  time  of  descent  in  seconds,  v  =  the  terminal  velocity, 
i.  e.,  the  velocity  acquired  at  the  end  of  the  last  second  of  its  fall,  s 
=  whole  space  passed  over,  andg'  =  32,  i.  e.,  the  measure  of  the  attraction 
of  gravity. 

Then  Art.  263,  the  time  is  equal  to  tlio  space  divided  by  half  the  terminal 

velocity,  or  ^  —  -T-  = — • 
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Again  (Art,  265,  III)  the  whole  space  passed  over  is  equal  tola,  i.  e.,  half 
of  the  gravity,  {/,  multiplied  the  square  of  the  time  or  s  =  ifff. 

Also  (Art.  265,  I)  the  terminal  velocity  is  equal  to  IG,  i.  e.,  iff  multiplied 
by  twice  the  time  or  v  =  ig  X  'Zt  z=  gt. 

2.1 
Those  three  formulas,  viz :  s  :=  ^gP,  v=:gt  and  t  =2 —  arc  fundamental 

V 

and  the  remaining  six  of  the  following  table  are  derived  from  tliom  by 
transposition  and  substitution  : — 

TABLE  OF  FORMULAS  FOR  DESCENT  OF  BODIES  FALLING 
FREELY  THROUGH  SPACE. 


NO. 

GIVEN. 

TO  FIND. 

FOEMDLAS.                  WHENCE  DERIVED. 

/ 
II 

III 

t,   s 

t,       V 

S 

s  =  Igf' 
s  =z  Itv. 

Jlrt.  265,  ///. 
From  formula  V. 

From  formula  VII. 

IV 
V 
VI 

s,     t 

V 

V  =  gt. 

V  =z  '\/2gs. 

t 

Art.  265,  /. 

From  IV and  VII  by  sub- 
stituting the  value  of  t. 

From  formula  VII. 

VII 

vin 

IX 

S,       V 

t 

,  _  2s 

V 

t=    ^ 
S 

t=     |2^ 

Art.  263. 

From  formula  IV. 

From  formula  I. 

267.  When  a  body  is  tlirowu  vertically  upward  it 
rises  with  a  re2:ularly  retarded  motion,  losing  32  feet  of  its 
original  velocity  every  second,  and  it  occupies  as  mucli 
time  in  rising  as  it  would  have  required  in  falling  to  ac- 
quire its  initial  velocity. 

268.  If  a  body  be  projected  upwards  or  downwards  with  a  given 
initial  velocity  V,  and  is  at  the  same  time  acted  upon  by  the  force  of  gravity, 
then  when  the  body  decends,  in  t  seconds  the  initial  velocity  alone  would 
carry  it  through  Vt  feet,  and  gravity  alone  would  carry  it  through  ifir^s  feet, 
therefore  together  they  carry  it  through  Vt  +  ^gi^  feet,  and  the  terminal 
velocity  will  CAadently  be  F+  tg. 
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"When  the  body  ascends  the  initial  velocity  acting  aloue  would  carry  it  iu 
t  seconds  through  Vt  feet,  but  in  t  seconds  the  force  of  gravity  would 
draw  it  downward  through  ^f/t"^  feet,  and  therefore  its  whole  ascent  will 
be  Vt — \(/t^,  and  its  terminal  velocity  will  be  V—gf.    Hence 
(X)    s  =  Vt  -\-  igt^  when  the  body  descends. 
(XI)    s  =z  Vt  —  Igt"^  when  the  body  ascends. 
fXII)   V  :=  V  -{-    tg      when  the  body  descends. 
(XIII)  v=.  V —    tg      when  the  body  ascends. 

Example  301. — Through  how  many  feet  will  a  body  fall  dur- 
ing the  11th  second  of  its  descent? 

SOLUTION. 

From  Art.  265,  I.  Space  =  {(11  X  2)— l}  X  16  =  (22—1)  X  16=  21X10 
=  336  feet.    Ans. 

Example  302. — Through  how  many  feet  will  a  body  fall  dur- 
ing the  l7th,  the  43rd,  and  the  61st  second  of  its  descent? 

SOLTTTIOlf. 

For  the  17th  second  17X2=  34—1=  33X16=  528  feet.  Ans. 

For  the  43rd      "        43X2=  86— 1=  85X16=1360  feet.  ^»w.  « 

For  the  61st      "         61X2=122— 1=121X16=1936  feet.  ^«s. 

Example  303. — What  will  be  the  terminal  velocity  of  a  falling 
body  at  the  end  of  the  9th  second  of  its  descent  ? 

SOLUTIOX. 

Formula  IV.    v  =  5*^  =32  X  9  =  2SS  feet  per  second.  Ans. 

Example  304. — What  will  be  the  terminal  velocity  of  a  fall- 
ing body  at  the  end  of  the  25th  second  of  its  fall,  also  at  the 
end  of  the  33rd  second  ? 

SOLUTION. 

Formula  IV.    «  =  gf^  =  32X  25  =  800  feet  per  second  at  end  of  25th  second, 
•u  =  gr^  =:  32X33=  1056  feet  per  second  at  end  of  33rd    " 

Example  305. — Through  how  many  feet  will  a  body  fall 
during  5  seconds  ? 

SOLUTION. 

Formula  I.    s  =  hyf^  =  i  X  32  X  52  =  16  X  25  =  400  feet.  Ans. 

Example  306. — Through  how  many  feet  will  a  body  fall  in 
12  seconds  ? 

SOLUTIOK. 

Formula  I.    s  =  ifl'ia  =  i  X  32  X  122  =  16  X  144  =  2304,  feet.    Ans. 

Example  307. — If  a  body  has  fallen  until  it  has  acquired  a 
terminal  velocity  of  400  feet  per  second,  what  is  the  whole  space 
through  which  it  has  descended? 

SOLUTION. 

,    -rx  v2  400"  160000         „^„„,    ^    , 

Formula  II.  s  =  —   =  — — r  =  — - —  =  2500  feet.  Ans, 
2ff  2X32  64 
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Example  308. — How  long  must  a  body  fall  in  order  to  acquire 
a  terminal  velocity  of  1000  feet? 

SOLUTION, 

Formula  VIII.  t-=i  —  =:  -^rr-  =  SlJ  seconds.  Ans. 
g  32 

Example  309. — How  long  must  a  body  fall  in  order  to  acquire 

a  terminal  velocity  of  8000  feet  per  second  ? 

SOLUTION. 

rormula  VIII.  ^  =  —  =  — —  =  250  seconds.  Ans. 
a  32 

Example  310. — What  time  does  a  body  require  to  fall  through 

11200  feet? 

SOLUTION. 


Formula  IX.  <  =   J  —     =    l^iilL!22  =./7^  =  20-45 seconds.  Ahs. 

Example  311. — When  a  body  has  descended  through  4400 
feet,  what  velocity  has  it  acquired  ? 

SOLUTION. 

Formula  V.  v  =  V  Igs  =  V  2X32X440o"  =V  281600  =  530'6  feet  per 
second. 

Example  312. — If  an  arrow  be  shot  vertically  upwards  and 
reach  the  ground  again  after  the  lapse  of  20  seconds,  to  what 
height  did  it  rise  ? 

SOLUTION. 

From  Art.  267  It  appears  that  the  arrow  will  be  as  long  ascending  as  de- 
scending, and  hence  tlie  problem  is  reduced  to  finding  the  distance  tlirough 
which  tlie  arrow  will  fall  in  half  of  20  seconds,  i.  e.,  in  10  seconds. 

Then  formula  \.  s  =  \gt^==  iX32  X  10^  =  10X100  =  1600  feet.    Ans. 

Example  313. — If  a  cannon  ball  be  fired  vertically  with  an  in- 
itial velocity  of  1600  feet  per  second  to  what  height  will  it  rise? 

SOLUTION. 

First,  the  time  it  ascends  is  equal  to  the  time  it  would  require  if  descend- 
ing to  acquire  a  terminal  velocity  of  1600  feet. 

By  formula  VIII.  ^  :=  —  =  -— -  =  50  seconds=.time  of  ascent 
g  32 

Then  formula  XI.  s=  Vt—\gt^  =  1600X50  —  iX32  X  50"  =  80000—16 
X  2500  =  80000  —  40000  =  400UO  feet.    Ans. 

Example  314. — If  a  body  be  shot  upward  with  an  initial 
velocity  of  1200  feet  per  second,  at  what  height  will  it  be  at  the 
end  of  the  10th  second,  and  also  at  the  end  of  the  70th  second  of 
its  flight  ? 

solution. 

Formula  XI.  s=  Vt  —  ^  gt^  =  1200X10  —  iX32Xlo'  =:  12000—1600  i=: 
10400  feet  =  elevation  at  end  of  lOth  second. 

Also  1200X70  —  ^X32X70^  =  84000— 16X4900=84000  — 78400=  5600  feet 
"=  elevation  at  end  of  the  70th  second. 
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Example  315. — If  a  cannon  ball  be  fired  vertically -n-ith  an 
initial  velocity  of  2400  feet  per  second — 

1st.  In  how  many  seconds  will  it  again  reach  the  ground  ? 
2ud.  How  far  will  it  rise  ?     ' 

3rJ.  Where  will  it  be  at  the  end  of  the  40th  second? 
4th.  What  will  be  its  terminal  velocity  ? 
5th.  In  what  other  moment  of  its  flight  will  it  have  the  same 
velocity  as  at  the  end  of  the  19th  second  of  its  ascent  ? 

SOLUTION. 

Since  the  initial  velocity  =r:  terminal  velocity  =  2400  ft, 

V       24:00 
I.    Formula  VIII.  time  of  ascent  =  —  =  — —  =:  75  seconds,  and  since 

a         o2 
it  is  as  long  ascending  as  descending,  it  again  reaches  the  ground  in  150  sec- 

II.  Formula  I.  s=^igr  =  ix32X75'''  =  16X5625  =  90000  ft.  =  height 
to  which  it  rises. 

III.  Formula  XI.  «  =  F<  —  i  fft^  =  2400X40  —  JX  32X  40^=96000— 16X 
1600  =  96000  —  25600  =  70400  ft.  =i  elevation  at  end  of  4uth  second. 

IV.  Terminal  velocity  =  iuitial  velocity  =  2100  feet  per  second, 

V.  Since  the  whole  time  of  flight  =:  1 50  seconds,  and,  since  at  all  equal 
spaces  of  time  from  the  moment  it  ceases  to  ascend  and  begins  to  descend, 
the  velocity  is  the  same  in  rising  as  in  falling,  it  follows  that  the  moment 
in  which  the  body  has  the  same  velocity  as  at  the  end  of  the  19th  second  of 
Its  ascent  is  19  full  seconds  before  it  again  reaches  the  ground,  or  in  150  — 
19  z=  131st  second,  i.  e.,  in  the  end  of  the  131st  second. 

Example  316. — If  a  body  is  thrown  downwards  from  an  ele- 
vation with  an  initial  velocity  of  70  feet  per  second,  how  far 
will  it  descend  in  27  seconds  ? 

SOLUTION. 

Formula X.  s=  Vf+igt-  =70X27+^X32X27^  =  1890+16X729  =  1890 
+11664  =  13554  ft.  Ans. 

Example  317. — If  a  body  is  thrown  down  from  an  elevation 
•with  an  initial  velocity  of  140  ft.  per  second,  what  will  be  its 
velocity  at  the  end  of  the  30th  second? 

SOLrTIOX. 

V  =  F+^s-  =140+30X32  =  140+960  =  1100  feet  per  Second.    Ans. 

Example  318. — If  a  body  be  projected  vertically  with  an  ini- 
tial velocity  of  400  feet  per  second,  what  will  be  its  velocity  at 
the  end  of  the  12th  second? 

SOLUTIOX. 

Formula  Xlll.v=:V—to  =  400—12X32=100—384=16  feet  per  second.  Ans. 

Example  319. — If  a  cannon  ball  be  fired  vertically  upward 
with  an  initial  velocity  of  1800  feet  per  second  : — 

1st.    In  how  many  seconds  will  it  again  reach  the  ground? 
2nd.  What  will  be  its  terminal  velocity? 
3rd.    How  far  will  it  rise  ? 

4th.   Where  will  it  be  at  the  end  of  the  90th  second  ? 
5th.   In  what  other  moment  of  its  flight  will  it  have  the  same 
velocity  as  at  the  end  of  the  27th  second  of  its  ascent? 
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SOLUTION, 

I.  ^=  -  =— -=56i=timeof  ascent  or  descent,  hence  whole  time 
of  flight  =  56-i  X  2  =  112i  seconds. 
II.  Terminal  velocity  =: initial  velocity  =:  1800  feet  per  second. 
III.  Formula  1,  S=  i  </  <«  =  i  X  32  X  (56J)  2  =  16  X  3164.0625  =  50625  ft. 
IV.  Formula  XI.  S=  Vt—\g  t^  =1800  X  90-i  X  32  X  90^  =162000—16 
X  8100 =162000—129600 =32100  ft.  =  elevation  at  end  of  the  90tii 
second. 
V.  1121-27=859  =  middle  of  86i!7^  second  of  flight. 

Example  320. — A  stone  is  dropt  into  the  shaft  of  a  mine  and 
is  htard  to  strike  the  bottom  in  9  seconds  ;  allowing  sound  to 
travel  at  the  rate  of  1142  ft.  per  second,  and  taking  §•  =  32^; 
required  the  depth  of  the  shaft. 

SOLUTION. 

Let  X = time  stone  takes  to  fall.  Then  (9— j;)  =  time  sound  takes  to  roach 
the  top  and  a-  2  X  16-iV  =  depth  of  shaft  =  (9— a;)  X  1142  feet. 
Therefore  ^^  — 10278  —  1142.C. 

193j;  2  +13704r= 123336, 

148996x2  +  10579488a!  +  187799016=  95215392  +  187799636  = 

283015008. 
386.r +  13704 =16823 + 
386.r  =  3119. 

X  ■=■  8.0803  =  number  of  seconds  body  was  falling. 
9— a;=9— 8.0803  =  .9197  =  time  sound  travelled. 
And  1142  X  .9197  =  1050.2974  feet  =  depth  of  shaft. 

Example  321. — A  body  has  fallen  through  m  feet  when  an- 
other body  begins  to  fall  at  a  point  n  feet  below  it ;  required  the 
distance  the  latter  body  will  fall  before  it  is  passed  by  the  for- 
mer ? 

riEST  SOLUTION. 


At  end  of  m  ft.  t—  l?i— j"-^>  and  v  =gt  =  g   \'i»''=.'^2mg,  and  since 
Vi,      Vfl'         ^  V 

ft ■=  distance  to  be  traversed  i  =/==■,     hence  5  :=  ^gt^  = 

( !L\2  .       ^,    «2  «2       ^ 

if  X    (     / —  I    =3fi'X- — =: — ,  Ans. 
"^         \W2mg/  2mg      4>ni, 
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SECOND  SOLUTION. 


Let  X  =  distance.    Then  (of  2nd  body)  t=:i —  —    1  —  }  ^    ^    ^  f 

N  g       N  9         V        g 
^entire  time  taken  by  the  first  body  to  pass  through  whole  space. 


Then    l!(!^±!d:£)_  l^=  J^  and  multiplying  all  by  V^ 
^2{m+n+x)—^/2m  =  ^2x. 
V2(»»+w+a;)  =  V2^  +  V2w,  and  squaring, 
2{m+n+x)  =  2a!  +  2m  +  ^'/iiiiix. 
2»»  +  2»  +  2a;  =  2a;  +  2w  +  2  Vtoia;. 
2»  =  ^ymx, 
w  =  2   ma;. 


tt2=:4ma;, 
»2 


4m 


^EXERCISES. 


322.  Through  how  many  feet  will  a  body  fall  during  the  SYtb 
second  of  its  descent?  Ans.  1168  ft. 

323.  Through  what  space  will  a  body  descend  in  25  seconds? 

Ans.  10000  ft. 

324.  With  what  velocity  does  a  body  move  at  the  close  of  the 
20th  second  of  its  fall  ?  Ans.  640  ft.  per  sec. 

325.  During  how  many  seconds  must  a  body  fall  in  order  to  ac- 
quire a  terminal  velocity  of  1100  ft.  per  sec?  Ans.  34^  sec. 

326.  Through  what  space  must  a  falling  body  pass  before  it  ac- 
quires a  terminal  velocity  of  1700  ft.  per  sec  ?  Ans.  451564  ft- 

327.  What  will  be  the  terminal  velocity  of  a  body  that  has  fallen 
through  25000  ft.?  ^ns.  1264.8  ft. 

328.  If  a  body  is  projected  upwards  with  an  initial  velocity  of 
6000  ft.  per  second,  where  will  it  be  at  the  end  of  the  40th 
second?  Ans.  At  an  elevation  of  214400  ft. 

329.  If  a  body  be  thrown  downward  with  an  initial  velocity  of 
120  feet  per  second,  through  how  many  feet  will  it  fall  in  32 
seconds?  Ans.  20224ft. 

330.  A  cannon  ball  is  fired  vertically,  with  an  initial  velocity  of 
1936  feet  per  second : — 


*  In  all  cases,  when  not  otherwise  directed,  use  a^  =  32  ft. 
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1st.   How  far  will  it  rise? 

2nd.  Where  will  it  be  at  the  end  of  the  6th  second? 
3rd.  In  how  many  seconds  will  it  again  reach  the  ground  ? 
4th.  What  will  be  its  terminal  velocity  ? 

5th.  In  what  other  moment  of  its  flight  will  it  have  the  same 
velocity  as  at  the  end  of  the  13th  second  of  its  ascent? 
Ans.   1st.  58564  ft. 

2nd.  At  an  elevation  of  11040  ft. 

3rd.  121  seconds. 

4th.   1936  ft.  per  second. 

5th.  At  end  of  108th  second  of  flight. 

331.  If  a  body  be  projected  vertically  with  an  initial  velocity  of 
4000  feet  per  second,  taking  gravity  to  32\  feet : — 

1st,    How  high  will  the  body  rise  ? 
2nd.  Where  will  it  be  at  the  end  of  the  50th  second? 
3rd.  Where  will  it  be  at  the  end  of  the  100th  second? 
4th.  Where  will  it  be  at  the  end  of  the  200th  second? 
5th.  In  what  time  will  it  again  reach  the  ground  ? 
Ans.  1st.    248104.66  ft. 

2nd.  At  an  elevation  of  159790.83  ft. 

3rd.  "  239166.66  ft. 

4th.  "  156601.00  ft. 

5th.         248.70  seconds. 

332.  If  a  cannon  ball  be  fired  vertically  with  an  initial  velocity 
of  1100  feet  per  second,  what  will  be  its  velocity  at  the  end 
of  the  7th  second,  at  the  end  of  the  20th  second,  and  at  the 
end  of  the  33rd  second? 

Ans.  End  of  7th  sec.  vel.  =  876  ft 
"  20th  "  =  460  ft. 
"     33rd         "       —    44  ft. 

333.  If  a  stone  be  dropped  into  a  well  and  is  seen  to  strike  the 
water  after  the  lapse  of  5  seconds  how  deep  is  the  well? 

Ans.  400  ft. 

334.  If  a  stone  be  thrown  downward  with  an  initial  velocity  of 
250  ft.  per  second,  what  will  be  its  velocity  at  the  end  of 
the  3rd,  the  9th,  the  30th,  and  the  90th  seconds  of  its  des- 
cent? Ans.  End  of   3rd  sec.  vel.  =   346  ft.  per  sec 

"  9th  "  =  538  ft.  " 
"  30th  "  =1210  ft.  " 
"     90th         «       =3130  ft.       " 

335.  A  stone  is  dropt  into  the  shaft  of  a  mine  and  is  heard  to 

strike  the  bottom  in  12-76  seconds,  assuming  that  sound 
travels  at  the  rate  of  1100  ft.  per  second,  what  is  the 
depth  of  the  mine?  Ans,  1936  ft. 
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336.  A  body  has  fallen  through  400  feet,  when  another  body 

begins  to  fall  at  a  point  2500  feet  below  it ;  through  what 
space  will  the  latter  body  fall  before  the  former  overtakes 
it?  .^ns.  £906i  feet. 

337,  A  body  A  has  fallen  during  m  seconds,  when  another  body 

B  begins  to  fall,  /  feet  below  it ;  in  what  time  will  A 
overtake  £?  Am.  J— 
32m 

DESCENT  ON  INCLINED  PLANES. 

269.  When  a  body  is  descending  an  inclined  plane  a 
portion  of  the  gravity  of  the  body  is  expended  in  pressure 
on  the  plane  and  the  remainder  in  accelerating  the  motion 
of  the  descending  body. 

270.  The  following  are  the  laws  of  the  descent  of 
bodies  on  inclined  planes  : — 

7.  The  pressure  on  the  inclined  plane  is  to  the  weight  of  the 
body  as  the  base  of  the  plane  is  to  its  length. 

II.  The  terminal  velocity  of  the  descending  body  is  that 
which  it  would  have  acquired  in  falling  freely  through  a  distance 
equal  to  the  height  of  the  plane. 

III.  The  space  passed  through  by  a  body  falling  freely,  is  to  that 
gone  over  an  inclined  plane,  in  equal  times,  as  Ike  length  of  the 
plane  is  to  its  height. 

IV.  If  a  body  which  has  descended  an  inclined  plane  meets  at  the 
foot  of  it  another  inclined  plane  of  equal  altitude,  it  will  ascend 
this  plane  with  the  velocity  acquired  in  coming. down  the  former, 
it  will  then  descend  the  second  and  re-ascend  the  former  plane,  and 
will  thus  continue  oscillating  down  one  plane  and  up  the  other. 

Note.— The  same  takes  place  if  the  motion  be  made  in  a  curve  instead 
of  "on  an  inclined  plane.  In  practice,  however,  the  resistance  of  the  atmos- 
phere and  friction  retard  the  motion  very  greatly  at  each  oscillation  and 
very  soon  bring  the  body  to  a  state  of  rest. 

271.  The  final  velocity,  neglecting  friction,  on  arriving 
at  the  bottom  of  the  plane  is  dependent  solely  on  the  height 
of  the  plane,  and  will  be  the  same  for  all  planes  of  equal 
heit^ht,  however  various  may  be  their  lengths  and  the 
times  of  descent  arc  exactly  proportional  to  the  lengths  of 
the  planes. 
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272.  If  in  a  vertical  semicircle  any  number  of  cords  bo 
drawn  from  any  points  Fig.  2d. 
whatever  and  all  meeting 
in  the  lowest  point  of  the 
semicircle,  and  a  number  of 
bodies  be  allowed  to  start 
along  these  cords  at  the 
same  instant  they  will  all 
arrive  at  the  bottom  at  the 
same  instant,  and  at  every 
instant  of  their  descent 
they  will  all  be  in  the  cir- 
cumference of  a  smaller 
circle. 

Thus  in  tlic  accompanying  figure 
if  ADP  be  a  semicircle  and  BP,CP, 
DP,  EP,  FP,  any  cords,  and  balls  be 
allowed  to  start  simultaneously 
from  A,  B,  C,  D.  E  and  F,  they  will 
all  arrive  at  P  at  the  same  instant. 
At  the  end  of  one-fourth  the  entire 
time  they  take  to  fall  to  P,  A  will 
have  arrived  at  g,  and  the  other 
bodies  will  be  in  the  circumference 
gP ;  at  the  end  of  one-half  the  time 
of  descent  all  will  be  in  the  circum- 
ference h,  &c. 

273.  Bodies  descending  curves  are  subject  to  the  same 
law  as  regards  velocity  as  those  on  inclined  planes,  i.  e., 
the  terminal  velocity  is  due  only  to  the  perpendicular  fall. 

274.  The 5/Ttc^j/sfocAro?ie (Greek  hrachistos,^^  shortest," 

and  chronos,   "  time,")  or  curve  of  quickest  descent,  is  a 

curve  somewhat  greater  than  a  circular  curve,  being  what 

mathematicians  denominate  a  cycloid,  or  that  which  is  de- 

scribfid  by  a  point  in  the  circumference  of  a  carriage-wheel 

rolling  along  a  plane. 

275.  Since,  Art.  270,  the  effect  of  gravity  as  an  accelerating  force  on  a 
body  descending  an  inclined  plane  is  to  the  effect  of  gravity  on  a  body 
freely  falling  through  the  air  as  the  height  of  the  plane  is  to  its  length  ; 
we  have  accelerating  force  of  gravity  or  inclined  Tplsaie -.  g -. -.  h :  I ;  and  hence 

accelerating  force  of  gravity  on  inclined  planes  =  —, 

where  /irrlicight  of  plane, 
I  =  length. 

g  =  effect  of  gravity^32. 
Substituting  this  value  of  the  effect  of  gravity  in  the  formulas  in  Art.  266, 
we  get  the  following  formulas  for  the  descent  of  bodies  on  inclined  planes. 
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FORMULAS   FOR  DESCENT   OF   BODIES    ON   INCLINED 
PLANES. 


No. 

GITEN. 

TO 
FIND. 

FOEMULAS. 

COEEESPONDING 
FOEMULA  IN  AET.266. 

1 

2 

1 
3 

g,  h,  I,  t 

g,  h,  I,  V 
t,v 

S 

ght^ 

'=    21 
'~2gh 

I 

II 

III 

4 
5 
6 

s,  t 

g,  h,  I,  t 

V 

2s 
_ght 

VI 
IV 
V 

1    2g/is 

7 

8 
9 

S,  V 
g,  h,  1,  V 

g,  h,  I,  s. 

t 

_2s 

V 

Iv 

1    2/s 

VII 

VIII 

IX 

1 

276.  When  the  body  is  projected  down  an  inclined 
plane  with  a  given  initial  velocity  F;  s=Vt-\-  —r-  (10.) 
and  v=  Vt-\-  ^-(11.)  When  the  body  is  projected  up 
an  inclined  plane  with  a  given  initial  velocity  V ;  s-=zVt 
-?|^(.2)a„d»=F.-4^(13.) 

Note.— "When  a  body  is  thrown  up  an  inclined  plane,  the  attraction  of 
gravity  acts  as  a  uniformly  retarding  force  as  when  a  body  is  projected 
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vertically  into  tho  air.    In  the  case  of  the  inclined  plane  the  body  will 

continue  to  rise  with  a  constantly  retarded  motion  until  Vt  =-^i —  when 

it  will  remain  stationary  for  an  instant  and  then  commence  to  descend. 
It  will  occupy  the  same  time  in  coming  down  as  in  going  up  :  its  terminal 
velocity  will  be  the  same  as  its  initial  velocity,  and  it  will  have  the  same 
velocity  at  any  given  point  of  the  plane  both  in  ascending  and  descending. 

Example  338. — Through  how  many  feet  will  a  body  fall  in 
15  seconds  on  an  inclined  plane  which  rises  T  feet  in  40  ? 

SOLUTION. 

Here  t  =  15,  7i,  —  1,lz=z  40,  and  g  =z  32. 

9J^t'^        32  X  7  X  152 

Then  s  =-^-—, —  =  — ^tzTa-T. =630  feet.  Ans, 

21  2  X  40 

Example  339. — Through  how  many  feet  must  a  body  have 
fallen  on  an  inclined  plane,  having  a  rise  of  3  feet  in  32,  in  order 
to  acquire  a  terminal  velocity  of  1700  feet  per  second  ? 

SOLUTION. 

Here  g  —  S2,v  =  1700,  h  =  S,l  =  S2. 

iv^       32  X  17002       ,o,,^^,  .    ,       . 
T^«»*==V^="T;r3T^3  =  *«l«662feet.    Ans. 

Example  340. — What  will  be  the  velocity  at  the  end  of  the 
20th  second,  of  a  body  falling  down  an  inclined  plane,  having 
an  inclination  of  7  feet  in  60  ft.  ? 

SOLUTION. 

Here  rj  —  2,%,t  =  20.  h  =  7,  and  I  =  60. 

S^i         32X7X20      „,„  „    .  ,        . 

Then  formula  5.    «  = —j — = rr =  74j  feet  per  second.     Ans, 

Example  341. — On  an  inclined  plane  rising  3  ft.  in  17,  a  body 
has  fallen  through  one  mile,  what  velocity  has  it  then  acquired  ? 

SOLUTION. 

Here  s  =  1  mile  =  5280  ft.,  h  =  3,l  —  n  and  g  =  32. 

h,,.       r  ,    T7T  l^ffhs  [2X32X3X5280  / 

Then  formula VI.    v  =J—, — =  J -.y ■  =  V 59632-94  = 

244'17  feet  per  second.    Ans. 

Example  342. — In  what  time  will  a  body  falling  down  an 

inclined  plane,  having  a  rise  of  7  feet  in  16,  acquire  a  terminal 

velocity  of  777  feet  per  second  ? 

SOLUTION. 

Here  g  =  S2,h=  7,1  —  16,  and  v  —  777. 

Iv      16X777 
Then    formula   8.      t  =  —  =  =  55i  seconds.  Ans. 

Example  343. — In  what  time  will  a  body  fall  through  4780 
on  an  inclined  plane,  having  a  rise  of  3  feet  in  4  ? 

SOLUTION. 

Here  ff=t32,h  =  o,l  =  4.  and  s  =  4780. 


Then  formula  9.     t=    J'^  ^  )-^X4X4p0  ^^ggg.g  ^  ^g.g  seconds 
't/  gh     V      32X3 
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ExAMPLS  344. — If  a  body  be  projected  down  an  inclined 
plane,  having  a  rise  of  8  feet  in  15,  with  an  initial  velocity  of  80 
feet  per  second,  through  what  space  will  it  pass  in  40  seconds  ? 

S0LUTI0S-. 

Here  v  =  80,  fi'  =  32,  A  =  8,  ?  =  15,  and  t  =  40. 

Then  formula  10,  s  =  F)"  +  ^~-  —  -10  X  80  +  ^^^^^^[f^  =  3200+136531 
=  16853^  ft.  Ans. 

Example  345. — If  a  body  be  projected  up  an  inclined  plane 
having  a  rise  5  feet  in  16,  with  an  initial  velocity  of  2000  ft. 
per  second : 

l3t.   How  far  will  it  rise  ? 

2nd.  When  will  it  again  reach  the  bottom  of  the  plane  ? 

3rd.  What  will  be  its  terminal  velocity  ? 

4th.  Where  will  it  be  at  the  end  of  the  100th  second? 

5th.  In  what  other  moment  of  its  flight  will  it  have  the  same 
velocity  as  at  the  end  of  the  11th  second  of  its  ascent? 

SOLUTIOir. 

Here  7t  =  5,  Z  =  16,  i?  =  32  and  v  =  2000. 

Then  formula  8.    t  =  -^  =  ^^^^°°"  =  200  seconds. 
Cfh  5X32 

1st.  Formula  12.  s  =  H  -  -2^1  =  20O  X  2000  -  ^^^^^^^^^  =  400000 

—  200000  =  200000  ft.  A71S. 

2nd.  Ascent  =  200  sec.  +  descent  200  sec.  =  400  sec.  Ans. 

Srd.  Terminal  velocity  =:  initial  velocity  =:  2000  feet  per  sec.  Atis. 

itb.  Formula  12.  s  —Yt—  S~  =  100  X  20000  —  '^^^^"^^g"""  =200000 

—  50000  =  150000  =  elevation  at  end  of  100th  sec.  Ans. 
5th.  400  — 11  =  389th  second.  Ans. 

EXERCISES. 

346.  On    an  inclined  plane   rising    5  ft.  in   19   through  what 
space  will  a  body  descend  in  half  a  minute?  .^ns.  37893^^  ft. 

347.  On  an  inclined  plane  rising  3  ft.  in  13,  what  velocity  will 
a  descending  body  acquire  in  39  seconds?      jlns.  288  ft. 

second. 

348.  What  time  does  a  body   require  to  descend  through  3800 

ft.  on  a  plane  rising  19  ft.  in  32  ?  Jins.  20  seconds. 

349.  If  a  body  be  projected  down  an  inclined  plane,  having  a 

fall  of  7  in  11  with  an  initial  velocity  of  50  feet  per 
second,  what  will  be  its  velocity  at  the  end  of  the  44th 
second  ?  ^ns.  946  ft.  per  second. 

350.  If  a  body  be  thrown  down  an  inclined  plane  having  a  rise 

of  13  feet  in  32  with  an  initial  velocity  of  100  feet  per 
second,  through  how  many  feet  will  it  descend  in  130  sec.  ? 

^ns.  122850  ft. 
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351.  If  a  body  be  projected  up  an  inclined  plane,  having  a  fall 

of  5  feet  in  8,  with  an  initial  velocity  of  800  feet  per 
second  : — 

1st.  How  far  will  it  rise  ? 

2nd.  In  how  many  seconds  will  it  again  reach  bottom  of  tlic 
plane? 

3rd.  What  will  be  its  terminal  velocity  ? 

4th.  Where  will  it  be  at  the  end  of  the  68th  second? 

5th.  In  what  other  moment  of  its  flight  will  it  have  the  same 
velocity  as  at  the  end  of  the  37th  second  of  its  ascent  ? 

Alls.  1st.  Rise  =  16000  ft. ;  2nd.  Time  of  flight  =  80  seconds 
3rd.  Terminal  velocity  =  800  feet  per  second;   4th.  Ele- 
vation at  end  of  68th  sec,  =  8160  ft.  ;  5th.  At  the  end 
of  the  43rd  second. 

352.  A  body  rolls  down  an  inclined  plane,  being  a  rise  of  7  ft. 

in  20 — when  it  has  descended  through  /  feet,  another 
body  commences  to  descend  at  a  point  m  feet  beneath  it. 
Through  how  many  feet  will  the  second  body  descend 
before  the  first  body  passes  it  ?  5„j2 

PROJECTILES. 

277.  A  projectile  is  a  solid  body  to  wliicli  a  motion 
has  been  communicated  near  the  surface  of  the  earth,  by 
any  force,  as  muscular  exertion,  the  action  of  a  spring, 
the  explosive  effects  of  gunpowder,  <fec.,  which  ceases  to 
act  the  moment  the  impulse  has  been  given. 

278.  A  projectile  is  at  once  acted  upon  by  two  forces : — 
1st.  The  projectile  force  which  tends  to  make  the  body 

move  over  equal  spaces  in  equal  times ;  and 
2nd.  The  force  of  gravity,  which  tends  to  make  the  body 
move  towards  the  centre  of  the  earth    over  spaces 
which  are  proportional  to  the  squares  of  the  times. 
Under  the  joint  influences  of  these  two  forces  the  pro- 
jectile describes  a  curve,  which  in  theory  is  the  parabola, 
but  which  in  practice  departs  very  materially  from  that 
figure. 

Note  1. — The  parabola  is  that  curve  which  is  produced  by  cutting  a 
cone  parallel  to  its  side. 

Note  2.— The  parabolic  theory  is  based  upon  three  suppositions,  all  of 
which  are  more  or  less  iuaccurate. 

1st.  That  the  force  of  gravity  is  the  same  in  every  part  of  the  curve 
described  by  the  projectile. 
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2nd.  That  the  force  of  gravity  acts  in  parallel  lines. 

3rd.  That  the  projectile  moves  through  a  non-resisting  medium. 

The  first  and  second  of  these  suppositions  differ  so  insensibly  from  truth 
that  they  may  be  assumed  to  be  absolutely  correct,  but  the  resistance  of 
the  atmosphere  so  materially  affects  the  motions  of  all  bodies,  especially 
when  their  velocities  are  considerable,  that  it  renders  the  parabolic  theory 
practically  useless. 

279.  When  a  body  is  projected  horizontally  forward, 

the  horizontal  motion  does  not  interfere  with  the  action 

of  gravity, — the    projectile    descending   with    the    same 

rapidity   while  moving  forward,  that  it  would  if  acted 

upon  by  gravity  alone. 

Note. — The  accompanying  figure  represents  a  tower  14-li  feet  in  height. 
Now  if  three  balls  a,  h,  and  c,  be  made  to  start  simultaneously  from  p,  one 
dropping  vertically,  one  being  projected  forward  with  sufficient  force  to 
carry  it  horizontally  half  a  mile,  and  the  third  with  sufficient  force  to  cari-y 
it  horizontally  to  any  other  distance,  say  one  mile,  all  three  balls  will  reach 
the  ground,  provided  it  be  a  horizontal  plane,  at  the  same  instant.  Thus, 
each"  ball  will  have  fallen  16  feet  at  the  end  of  the  1  st  second,  and  they  will 
simultaneously  cross  the  line  clef.  At  the  end  of  the  2nd  second  they  have 
each  descended  6  Jj  feet,  and  are  respectively  at  ff,  h,  and  s,  &c. 

Fig.  2G. 
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280.  According  to  the  parabolic  theory  : 
1st.  The  projectile  rises  to  the  greatest  height,  and  remains 
longest  before  it  again   reaches  the  ground,  Avhen 
thrown  vertically  upwards. 
2nd.  The  distance  or  range  over  a  horizontal   plane  is 

greatest,  when  the  angle  of  elevation  is  45°. 
3rd.  With  an  initial  velocity  of  2000  per  second,  the  pro- 
jectile should  go  about  24  miles. 

Note. — The  first  of  these  laws  is  found  by  experiment  to  be  absolutely 
correct,  and  tlie  second  is  not  far  from  the  truth,  the  greatest  range  taking 
place  at  an  angle  of  elevation  somewhat  less  than  45°. 
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The  difference  between  the  third  law  and  the  result  of  experiment  is  pro- 
digious ;  for  no  projectile,  however  great  its  initial  velocity  may  have  been, 
has  ever  been  thrown  from  the  surface  of  the  earth  to  a  liorizontal  distance 
of  5  miles. 

281.  Whatever  may  be  the  initial  velocity  of  projection, 
it  is  speedily  reduced  by  atmospheric  pressure  to  a  velocity 
not  exceeding  1280  per  second. 

Note  l.— This  arises  from  the  fact  that  atmospheric  air  flows  into  a 
vacuum  with  a  velocity  of  only  1280  foot  per  second,  so  that  when  a  ball 
moves  with  a  greater  velocity  than  this,  it  leaves  a  vacuum  behind  it  into 
which  the  strongly  compressed  air  in  front  tends  powerfully  to  force  it. 

Note  2. — From  exiicrimonts  made  with  groat  care,  it  has  been  ascertained 
that  when  the  velocity  of  a  ball  or  other  projectile  is  2000  feet  per  second, 
the  ball  meets  with  an  atmospheric  resistance  equal  to  100  times  its  own 
weight. 

Note  3. — Another  great  irregularity  in  the  firing  of  balls  arises  from  the 
fact  that  the  ball  deviates  more  or  less  to  the  right  or  left,  sometimes 
crossing  the  direct  line  several  times  in  a  very  short  course.  This  deflection 
sometimes  amounts  fi-om  f  to  1  of  the  whole  range,  or  as  much  as  300  or 

0  4 

400  yards  in  a  mile  when  there  is  considerable  windage ;  i.  c.,  when  the  ball 
is  too  small  for  the  calibre  of  the  gun. 

282.  The  motion  of  projectiles  has  recently  been  inves- 
tigated with  much  care,  with  the  view  of  deducing  a  new 
theory  in  which  the  resistance  of  the  air  should  be  taken 
into  account.  The  following  are  the  most  important 
results : — 

WHEN   THE   BODY   IS   THROWN  VERTICALLY   UPWARDS   INTO   THE  AIR. 

I.  The  time  of  ascent  is  less  than  the  time  of  descent. 

II.  The  velocity  of  descent  is  less  than  that  of  ascent. 

III.  The  terminal  velocity  is  less  than  the  initial  velocity, 

IV.  The  velocity  of  descent  is  not  infinitely  accelerated^  since 
when  the  velocity  becomes  very  great,  the  resistance  of  the  atmos- 
phere becomes  so  great  as  to  counterbalance  the  accelerating  force 
of  gravity^  and  the  velocity  of  the  descending  body  is  thenceforth 
uniform. 

WHEN   THE   PROJECTILE   IS   THROWN   AT    AN   ANGLE   OF   ELEVATION. 

I.  The  ascending  branch  of  the  curve  is  longer  than  the  descend- 
ing branch. 

II.  The  time  of  describing  the  ascending  branch  is  less  than  thai 
of  describing  the  descending  branch. 

III.  The  descending  velocity  is  less  than  the  ascending^ 

IV.  The  terminal  velocity  is  less  than  the  initial. 

V.  The  direction  of  the  descending  branch  is  constantly  approxi- 
mating to  a  vertical  line,  which  it  never  reaches. 
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VI.  The  descending  velocity  is  not  infinitely  accelerated,  hut,  as 
in  case  of  a  body  falling  vertically,  becomes  constant  after  reaching 
a  certain  limit. 

VII.  The  limit  of  the  velocity  of  descent  is  different  in  different 
bodies,  being  greatest  when  they  are  dense,  and  increasing  with  the 
diameter  of  spherical  bodies. 

283.  The  explosive  force  of  gunpowder,  fired  in  a  piece 

of  ordnance,  is  equal  to  2000  atoaosplieres,  or  30000  lbs.  to 

the  square  inch,  and  it  tends  to  expand  itself  with  a  velocity 

of  5000  feet  per  second. 

XoTE— Gunpowder  is  an  intimate  mixture  of  6  parts  ^saltpetre,  1  part 
charcoal,  and  1  part  sulphur.  In  firing  good  perfectly  dry  gunpowder,  the 
ignition  takes  place  in  a  space  of  time  so  short  as  to  appear  instantaneous. 
1  cubic  inch  of  powder  produces  800  cubic  inches  of  cold  gas,  and,  as  at  the 
moment  of  explosion  the  gas  is  rod  hot,  we  may  safely  reckon  the  expansion 
as  about  1  into  2000. 

284.  The  greatest  initial  velocity  that  can  be  given  to 

a  cannon  ball  is  little  more  than  2000  feet  per  second,  and 

that  only  at  the  moment  it  leaves  the  gun. 

Note.— The  velocity  is  greatest  in  the  longest  pieces ;  thus  Hutton  found 
the  velocity  of  a  ball  of  given  weight,  fired  with  a  given  charge  of  powder, 
to  be  in  proportion  to  the  fifth  root  of  the  length  of  the  piece. 

285.  The  velocities  communicated  to  balls  of  equal 
weights,  from  the  same  piece  of  ordnance,  by  unequal 
weights  of  powder,  are  as  the  square  roots  of  the  quantities 
of  powder. 

286.  The  velocities  communicated  to  balls  of  different 
weights  and  of  the  same  dimensions,  by  equal  quantities 
of  powder,  are  inversely  proportional  to  the  square  roots 
of  the  weights  of  the  balls. 

287.  The  depth  to  which  a  ball  penetrates  into  an 
obstacle  is  in  proportion  to  the  density  and  diameter  of  the 
ball  and  the  square  root  of  the  velocity  with  which  it 

enters, 

* 

Note  l.— An  18-pound  ball  with  a  velocity  of  1200  feet  per  second  pene- 
trates 34  inches  into  dry  oak,  and  a2J'-pound  ball  with  a  velocity  of  1300  ft. 
per  second  penetrates  13  feet  into  dry  earth. 

Note  2. — The  length  of  guns  has  been  much  reduced  in  all  possible  cases. 
Pieid  pieces  are  now  seldom  made  of  greater  length  than  12  or  14  ca]ibres(dia- 
meter  of  the  ball).  The  maximum  charge  of  powder  has  also  been  dimi- 
nished very  greatly — now  seldom  exceeding  one-third,  and  often  being  as 
low  as  one-twelfth  of  the  weight  of  the  ball. 

288.  The  following  rule,  obtained  from  experiment,  has 
been  given,  to  find  the  velocity  of  any  shot  or  shell,  when 
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the  weight  of  the* charge  ot  powder  and  also  that  of  the 
shot  are  known  : — 

RULE. 

Divide  three  times  the  weight  of  powder  by  the  weight  of  the 
shot,  multiply  the  square  root  of  the  quotient  by  1600,  and  the  pro- 
duct will  be  the  velocity  per  second  in  feet. 

Orifp  =  charge  of  powder  in  lbs.,  w  ■=.  weight  of  ball  in  lbs., 

and  V  =  velocity  per  second  in  feet ;  then  v  =:  IGOO  X    /     ^ 

Example  353. — What  is  the  velocity  of  a  ball  weighing  48 
lbs.,  fired  by  a  charge  of  4  lbs.  of  powder? 

SOLUTION. 

Here  ^  =  4  and  w  =z  48. 


Then  v  =  1600  X  ,/'  -^^—  =  1600  X  ,/  ?^  =  1600  X  ,/  —  =   1600 
y    to  V    48  V  4 

X  ^  =  800  feet  per  second.  Ans. 

Example  354. — With  what  velocity  will  a  charge  of  7  lbs.  of 
powder  throw  a  ball  weighing  32  lbs.  ? 

SOLUTION. 

Here  i)  =:  7  and  w  =  32^  

Then  «  =  1600  X  J  ^  =1600  X  ^'^=1600  X  ^-r^^^^  jgoo 

X  "81  =  1296  feet  per  second.    Ans. 

Example  355. — If  4  lbs.  of  powder  throw  a  ball  16  lbs.  in 
weight  with  a  velocity  of  1200  ft.  per  second,  what  amount  of 
powder  would  throw  the  same  ball  with  a  velocity  of  600  feet  per 
second  ? 

SOLUTION. 

Art.  285.  vel. :  vel. : :  V  weight  of  powder  :  V  weight  of  powder ;  or 
]  200  :  600  : :  V    4     •  V  ar,  and  hence  x  =  1  lb.    Arts. 

Example  356. — If  3  lbs.  of  powder  throw  a  ball  6  inches  in 
diameter  and  weighing  32  lbs.,  with  a  velocity  of  850  feet  per 
second,  with  what  velocity  will  the  same  charge  throw  another 
ball  of  the  same  dimensions  but  weighing  only  9  lbs.  ? 

SOLUTION. 

Art.  286.  VoT  V32": :  850  :  a-,  or  3  :  5.65  :  :  850  :  x. 
And  hence  x  =  1600  feet.    Ans. 

EXERCISES. 

357.  With  what  velocity  will  a  charge  of  11  lbs.  of  powder 
throw  a  cannon  ball  weighing  24  lbs.  ? 

jlns.  1875  feet  per  second. 
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358.  With  what  velocity  will  a  charge  of  9lbs.  powder  throw  a 

ball  weighing  36  lbs.  ?  Ans.  1387  feet  per  second. 

359.  If  7  lbs.  of  powder  throw  a  ball  with  a  velocity  of  1000 

feet  per  second,  what  charge  will  throw  the  same  ball 
with  a  velocity  of  1500  feet  per  second?        Ans.  155  lbs. 

360.  Jf  a  certain  charge  of  powder  throw  a  10-inch  ball  weighing 

20  lbs.  with  a  velocity  973  feet  per  second,  with  what 
velocity  will  the  sanie  charge  throw  a  ball  of  the  same 
dimensions  weighing  only  25  lbs.  ? 

Ans.  863  feet  per  second. 


CIRCULAR  MOTION. 

289.  Centrifugal  force  (Lat.  centrum,  ''the  center," 
and  fugio,  "  I  flee")  is  that  force  by  which  a  body  mov- 
ing in  a  circle  tends  to  fly  off  from  the  centre. 

Note.— Since  a  body  moving;  in  a  circle  would,  if  not  restrained  by  other 
forces,  fly  off  in  a  tangent  to  that  circle,  centrifugal  force  is  sometimes 
called  tangential  force. 

290.  Centripetal  force  (Lat.  centrum,  "  the  centre,"  and 
*^peto,  1  seek  or  rush  to  ")  is  that  force  by  which  a  body 
moving  in  a  circle  is  held  or  attracted  to  the  centre. 

291.  When  a  body  is  at  once  acted  upon  by  both  cen- 
trifugal and  centripetal  force,  it  moves  in  a  curve,  and 
the  form  of  this  curve  depends  upon  the  relative  intensities 
of  the  two  forces:  ^.  e,,  if  the  two  be  equal  at  all  points, 
the  curve  will  be  a  circle,  and  the  velocity  of  the  body 
will  be  uniform ;  but  if  the  centrifugal  force,  at  dift'erent 
points  of  the  body's  orbit,  be  inversely  as  the  square  of  the 
distance  from  the  centre  of  gravity,  the  curve  will  be  an 
ellipse,  and  the  velocity  of  the  body  will  be  variable. 

292.  When  a  body  rotates  upon  an  axis,  all  its  parts 
revolve  in  equal  times ;  hence  the  velocity  of  each  particle 
increases  with  its  perpendicular  distance  from  the  axis, 
and  so  also  does  its  centrifugal  force. 

Note  1. — As  long  as  tlie  centrifugal  force  is  less  than  the  cohesive  force 
by  which  the  particles  are  held  togetlaer,  the  body  can  preserve  itself ;  but, 
as  soon  as  the  centrifugal  force  exceeds  the  cohesive,  the  parts  of  the  rotating 
mass  fly  off  in  directions  which  are  tangents  to  the  circles  in  which  they 
were  moving. 

Note  2.— We  have  examples  of  the  effects  of  centrifugal  force  in  the 
destructive  violence  with  which  rapidly  revolving  grindstones  burst  and 
fly  to  pieces— the  expulsion  of  water-  from  a  rotating  mop,  the  projection 
of  a  stone  from  a  sling,  the  action  of  the  conical  pendulum  or  governor  in 
regulating  the  supply  of  steam  in  an  engine,  &c.,  &c. 
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293.  When  the  velocity  and  radius  are  constant,  the 
centrifugal  force  is  proportional  to  the  weight. 

294.  When  the  radius  is  constant,  the  centrifugal  force 
varies  as  the  square  of  the  velocity. 

Note. — At  the  equator  the  centrifugal  foroe  of  a  particle  is  ai y-  of  its 
gravity  or  weight  and  from  the  equator  it  diminishes  as  we  approach  the 
poles  where  it  becomes  0.  It  follows  that  if  the  earth  were  to  revolve  17 
times  faster  than  it  does,  the  centrifugal  force  at  the  eciuator  would  be 
equal  to  gravity,  and  a  body  would  not  fall  there  at  all.  If  the  earth 
revolved  still  more  rapidly,  the  water,  inhabitants,  &c.,  would  be  whirled 
away  into  space,  and  the  equatorial  regions  would  constitute  an  impassible 
zoue  of  sterility. 

295.  When  the  velocity  is  constant,  the  centrifugal 
force  is  inversely  proportional  to  the  radius. 

296.  When  the  number  of  revolutions  is  constant,  the 
centrifugal  force  is  directly  proportional  to  the  radius. 

297.  Let  c  =  centrifugal  force,  v  =  the  velocity  per  second 
in  feet,  r  =  radius  in  feet,  g  =  32,  w  z=.  weight,  and  n  =z  the 
number  of  revolutions  per  second. 

wv''  wv^  cgr  I  csr 

Then  c  =  —  (I),  r  =  —  (H),  i«  =  ^  (lll),v=^-^  (IV) 

Also,  since  z>  =  rX2  x3-1416Xn,  v^'zzr^  X4X(3-1416)2  x  ra% 

wxr^  X4X  (3-1416)2  Xre% 
and  hence  formula  I.:  c=: and  re- 

c 

ducing  this  we  get  c  =  ivrn''  X  1-2345  (V.),  '^=rn^ -^1-234:5  (^^•^> 

'  ^  ;i;^2-345  (V"-)'  ^"^ "  =  J^^7sd^5  (^"i-> 


Example  361. — What  is  the  centrifugal  force  exerted  by  a 
body  weighing  10  lbs.  revolving  with  a  velocity  of  20  feet  per 
second  in  a  circle  8  feet  in  diameter? 

SOLUTION. 

Here  w  =  10, «  —  20,  r  —  i,  and  g  =  82. 

w«»      10X202       10X400 
Then  c  =  — =  -^2^^  =  -^^^^  =  311  lbs.  Ans. 

,ft  Example  362. — What  centrifugal  force  is  exerted  by  a  body 
weighing  15  lbs.  revolving  in  a  circle  3  feet  in  diameter  and 
making  100  revolutions  per  minute  ? 
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SOLUTION. 

Here  w  =  15,  r  =  I'S,  n  =  W  —  If, 

Then  formula  V. :   e  —  wj-m*  xr23-i5  —  loXl'SX  (U)*  Xl-2345  =  77'15623 
lbs.  Ans. 

Example  363. — A  body  weighing  40  lbs.  revolves  in  a  circle 
4  feet  in  diameter ;  in  order  that  its  centrifugal  force  may  be 
1847  lbs.,  what  must  be  its  velocity  and  number  of  revolutions 
per  second  ? 

SOLUTION. 
Here  w  =  40  lbs.,  r  =  2,  and  c  =  1847. 


Then  formula  VIII.:  «=  J ^-tt:z  =  wL    ,^i!oo..:    =  Vl8-7019 

VM'rXl"2345       V40x2xr2345 
=  4'28  =  number  of  revolutions  per  second,  and  hence  revolutions  per 
minute  =  256"8. 

Also  «J  =  4X3'1416X4'32  =  S378  feet  per  second. 

Example  364. — The  diameter  of  a  grindstone  is  4  feet,  its 
weight  half  a  ton,  and  the  centrifugal  force  required  to  burst  it 
is  45  tons  :  with  what  velocity  must  it  revolve,  and  how  many 
revolutions  must  it  make  per  minute  in  order  to  burst? 

SOLUTION. 
Here  w  =  i,  c  =  45,  and  r  =  2. 


I         -  I  45  

ThenformulaVIII.:    „=^'^_^^:^=  7^x2X1-2345    ^    V36-*52 
=  6"03  —  revolutions  per  second,  and  hence  6"03X60  =  361'8  =  the  revolu- 
tions per  minute. 
Also  velocity  —  4X3"1416X603  =  75775  feet  per  second. 

EXERCISES. 

365.  If  a  ball  weighing  4  lbs.  be  attached  to  a  string  2  J  feet 

long  and  whirled  round  in  a  circle  so  as  to  make  120 
revolutions  per  minute, — what  must  be  the  strength  of 
the  string  in  order  to  just  keep  the  ball  from  flying  off? 

jlns.  49-38  lbs. 

366.  A  ball  weighing  2  lbs.  is  attached  to  a  string  3^  feet  long 

and  capable  of  resisting  a  strain  of  200  lbs.  ;  if  the  ball 
be  whirled  in  a  circle  with  the  whole  length  of  the  string 
as  radius,  how  many  revolutions  per  minute  must  it  make 
in  order  to  break  the  string?  Jlns.  288f  revolutions. 

267.  A  ball  is  whirled  in  a  circle,  with  a  velocity  of  64  feet  per 
second,  by  means  of  a  string  4  feet  in  length  and  capa- 
ble of -resisting  a  strain  of  840  lbs  ;  what  must  be  the 
weight  of  the  ball  in  order  to  break  the  string  ? 

Ans.  26i  lbs 
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368.  What  is  the  centrifugal  force  exerted  by  a  body  weighing 

20  lbs.  revolving  in  a  circle  10  feet  in  diameter  and  mak- 
ing 2-8  revolutions  per  second?  Ans.  967-848  lbs. 

369.  What  is  the  centrifugal  force  exerted  by  a  body  weighing 

8  lbs.  and  revolving  in  a  circle  20  feet  in  diameter  with 
a  velocity  of  100  feet  per  second?  Ans.  250  lbs. 


ACCUMULATED  WORK. 

298.  Work  is  required  to  set  a  lody  in  monon  or  to 
bring  a  moving  body  to  a  state  of  rest.  For  example, 
when  a  common  engine  is  first  set  in  action  a  consideiable 
portion  of  the  work  of  the  engine  goes  to  give  niution  (o 
the  fly-wheel  and  other  parts  of  the  macliinei}' ;  and  before  • 
the  engine  can  come  to  a  state  of  rest,  all  of  this  aicuinu- 
lated  work  must  be  destroyed  by  friction,  atmospheiic 
resistance,  &c. 

299.  To  find  the  work  accumulated  in  a  movino- 
body : — ■ 

RULE. 

/.  Find  the  height  in  feet  from  which  the  body  must  have  fallen 
to  have  acquired  the  given  velocity. 

II.  Multiply  the  number  thus  found  by  the  weight  of  the  body 
in  pounds. 

Or  let  U  =  units  of  work  accumulated,  v  =  velocity,  w  =  the 
weight  in  lbs.,  and  g  =  32. 

Then  Art.  266,  since  sz:=h=z  — 

U=hw=^Xw=^ 

Example  370. — A  ball  weighing  10  lbs.  is  projected  on  smooth 
ice  with  a  velocity  of  100  feet  per  second  :  assuming  the  friction 
to  be  "iV  of  the  weight  of  the  ball,  and  neglectit-.g  atmospheric 
resistance,  over  what  space  will  it  pass  before  coming  to  a  state 
of  rest? 

SOLnTION. 
Hero  V  ~  100.  w  =  10,  and  <7  =  32. 

v^w       lOn^XlO      100000 
Then  U  =  -^  =     2x32     ~  ^sV  ~  ^^'^--  ~  ^"^^^  °^  ^'^°^^  ^'^<""- 
mnlated  in  the  ball. 

Also  ~h  XiOXl  =:  3  =  units  of  work  destroyed  by  friction  iu  moving 

the  ball  throufih  1  font. 
Therefore  the  number  of  feet  =  15B2i  -f  I  =  2843J  Ans. 
10 
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Example  371.— A  train  weighs  100  tons,  and  has  a  velocity 
of  40  miles  per  hour  when  the  steam  is  turned  off;  how  far  will 
it  ascend  a  plane  having  an  inclination  of  J  in  100,  taking  fric- 
tion as  11  lbs.  per  ton,  and  neglecting  the  resistance  of  the 
atmosphere  ? 


40X5280 
Here  »>  :=  40  miles  per  hour  =    „„    g^  =:  58j  feet  per  second,  w  =  100 

tons  =  200008  lbs.,  and  g  =  32. 

v^w        (581)2X200000        3441^X200000  , 

Then  U  =  ^  = ^3-^ = =  3441^  X  3125  = 

10755555a  =  units  of  work  accumulated  in  the  train. 
Work  of  friction  =  100X11  =  1100  units  to  each  foot. 
Work  of  gravity  =  iTuTTX  200000  =  1000  units  to  each  foot. 
Work  destroyed  by  resistances,  i.  e.  friction  and  gravity,  in  moving  the 

train  over  one  foot  =  1100+1000  =  2100  units. 

10755555a' 
Therefore  number  of  feet  =  — ^^ —  =  512r69feet=nearlyonemile 

Example  3T2. — If  a  car  weighing  3  tons^  and  moving  at  the 
rate  of  10  feet  per  second  on  a  level  rail,  pass  over  500  feet 
before  it  comes  to  a  state  of  rest,  what  is  the  resistance  of  fric- 
tion per  ton  7 

SOLUTION, 

10^X6000        600000        oiT";  „r,Ua 
Work  accumulated  in  car  =  -  ^^g^    ■  =  -g^  =  ^-^^^  '^""3* 

Work  of  friction  =  friction  X  500. 

Therefore  friction  X  500  =  9375,  and  hence  friction  =  — —  =  185  lbs. 

oUO 
on  whole  car. 
Then  friction  per  ton  =  18}-r-3  =  6i  lbs.  Ans. 

Exercises. 

373.  A  train  weighing  90  tong  is  moving  at  the  rate  of  30  miles 

per  hour  when  the  steam  is  shut  off:  how  far  will  it  go 
before  stopping,  on  a  level  plane,  assuming  the  co-effi- 
cient of  friction  to  be  jiol     .Ans,  6050  feet,  or  Ifg  miles. 

374.  A  train  weighing  80  tons  has  a  velocity  of  30  miles  per 

hour  when  the  steam  is  turned  off:  how  far  will  it  ascend 
a  plane  rising  7  feet  in  1000 — taking  friction,  as  usual, 
and  neglecting  atmospheric  resistance  ? 

Ans.  2880-95  feet. 

375.  Required  the  units  of  work  accumulated  in  a  body  whose 

weight  is  29  lbs.  and  velocity  144  feet  per  second  ?    9396. 
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376.  A  ball  weighing  15  lbs.  is  projected  on  a  level  plane,  with 

a  velocity  of  90  feet  per  second  :  assuming  friction  to  be 
equal  to  xq  of  the  weight  of  the  ball,  how  far  will  it  go 
before  it  comes  to  a  state  of  rest?        Jlns.  1265-625  feet. 

377.  A  train  weighing  90  tons  has  a  velocity  of  100  feet  per 

second  when  the  steam  is  turned  off:  how  far  will  it  go 
on  a  level  plane,  assuming  friction  to  be  equal  to  12  lbs. 
per  ton,  and  neglecting  atmospheric  resistance? 

jl7is.  26041i  feet. 

378.  A  ball  weighing  20  lbs.  is  thrown  along  a  perfectly  smooth 

plane  of  ice  with  a  velocity  of  CO  feet  per  second  :  how 
far^will  it  go  before  stopping  if  the  friction  be  ./fj  of  the 
weight?  A71S.  1125  feet. 

379.  A  train  weighing  100  tons  has  a  velocity  of  25  feet  per 

second  when  the  steam  is  turned  off:  how  far  will  it 
descend  an  incline  of  3  in  1000,  talking  friction  to  be 
equal  to  12  lbs.  per  ton?  ^ns.  3255-2  feet. 

380.  Required  the  work  accumulated  in  a  body  which  weighs 

50  lbs.  and  which  is  moving  with  a  velocity  of  70  feet 
per  second?  ^ns.  3828|  units. 

381.  "What  work  is  accumulated  in  a  ram  weighing  2000  lbs. 

falling  with  a  velocity  of  40  feet  per  second? 

jl7is.  50000  units. 


THE  PENDULUM. 

300.  A  pendulum  consists  of  a  heavy  body  suspended 
by  a  thread  or  slender  wire,  and  made  to  vibrate  in  a  ver- 
tical plane. 

301.  When  the  body  is  regarded  as  a  point,  and  the 
thread  or  wire  without  weight,  the  peudulum  is  called  a 
Simple  Pendulum. 

302.  A  Compotind  Pendulum  or  Material  Pendulum 
consists  of  a  heavy  body  suspended  by  a  ponderable  wire 
or  thread. 

303.  The  motion  of  the  pendulum  from  one  extremity 
to  the  other  of  the  arc  in  which  it  moves,  is  called  an 
■oscillation  or  a  vibration. 

304.  The  amplitude  of  the  arc  of  vibration  is  measured 
by  the  number  of  degrees,  minutes  and  seconds  through 
which  the  pendulum  oscillates. 

305.  The  duration  of  a  vibration  is  the  space  of  time 
occupied  by  the  pendulum  in  swinging  from  one  extremity 
to  the  other  of  the  arc  of  vibration. 
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306.  The  length  of  the  pendulum  is  the  distance 
bet^veen  the  centre  of  suspension  and  the  centie  of  oscilla- 
tion. 

307.  The  centre  of  suspension  is  the  point  round  which 
the  peuduliun  moves  as  centre. 

308.  The  centre  of  oscillation  is  that  point  in  a  vibrating 
body,  into  which,  if  all  the  matter  were  collected,  the 
time  of  vibration  would  remain  unclianged. 

Note  1.— If  a  bar  of  iron  or  any  other  substance  be  suspended  by  one 
extremity  and  made  to  vibrate,  it  constitutes  a  compound  pendul\im. 
Now,  if  tiie  several  particles  composing  the  rod  were  free  to  move  separately 
those  nearer  the  centre  of  suspension  would  vibrate  more  rapiuiy  than 
those  more  remote ;  but,  since  the  pendulum  is  a  solid  body,  all  of  its 
particles  must  vibrate  in  the  same  lime,  and  lience  the  motion  of  tliose 
molecules  which  are  nearer  the  centre  of  suspension  is  retarded,  while 
that  of  tlie  more  remote  parts  is  accelerated.  Somewhere  in  the  rod, 
however,  there  must  be  a  point  or  particle  so  situated  with  respect  to 
the  centre  of  suspension,  and  the  other  jjarts  of  the  rod,  that  the  acce- 
lerating effect  of  the  particles  above  it  is  exactly  neutralized  by  the 
retarding  force  of  the  molecules  below  it ;  and,  consef|uently,  this  particle 
or  point  vibrates  in  exactly  the  same  time  that  it  vvouldocciipy  if  liberated 
from  all  connection  with  the  parts  above,  below  and  around  it,  and  were 
set  swinging  by  an  imponderable  thread— this  point  is  called  the  centre 
of  Oscillation. 

Note  2.— The  centre  of  oscillation  in  a  vibrating  mass  coincides  with 
what  IS  called  the  centre  of  percussiun.  The  centre  of  percussion  is  that 
point  in  a  revolving  body,  which,  upon  striking  against  an  iminovat)le 
obstacle,  will  cause  the  whole  of  the  motion  accumulated  in  the  revolving 
body  to  be  destroyed,  so  tliat,  at  the  moment  of  impact,  the  body  would 
have  no  tendency  to  move  in  any  direction.  In  a  rod  of  inappreciaijle 
thickness  the  centre  of  percussion  is  two-thirds  of  the  length  of  the  rod 
from  the  axis  about  which  it  moves. 

309.  The  centres  of  suspension  and  oscillation  in  the 
pendulum  are  interchaugeabJe ;  i.  e.,  if  the  pendulum  be 
iuverled  and  suspended  by  its  centre  of  oscillation,  the 
former  point  of  suspension  will  become  the  centre  of  oscil- 
lation and  the  pendulum  will  vibrate  in  precisely  the  same 
time. 


LiWS  OF  THE  OSCILLATION  OF  THE  PENDULUM. 

310.  The  duration  of  an  oscillation   is  independent  of 

its  amplitude,  provided  it  does  nut  exceed  4°  or  5°. 

Note  1.— This  fact  is  commonly  stated  by  saying  that  the  vibrations  of 
the  pendulum  are  isochronous;  i.  e.,  equal-timed.  Thus,  a  pendulum  of 
a  given  length  will  oscillate  throuijh  an  arc  of  5-  in  the  same  time  it  would 
have  required  to  vibrate  through  an  arc  of  O'l",  although  tlie  ampuinde  of 
the  vibration  is  in  the  one  case  M  times  as  great  as  in  the  othur.  This  arises 
from  the  fact  that  the  pendulum  in  moving  throujih  tl;e  larger  arc  falls 
through  a  greater  vertical  distance,  and  heuce  acquires  a  greater  velocity. 
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Note  2  —Strictly  speaking,  the  oscillations  of  the  penrtulum  are  isochro- 
nous only  vvlieii  the  curve  in  whicli  they  move  is  n  cycloid.  When,  however, 
the  coniinoi:  pendulum  vibrates  in  very  small  arcs,  as  of  2"  or  3'^,  the  oscil- 
lations are,  for  all  practical  purposes,  isochronous. 

311.  Tlie  dmation  of  the  vibraiion  is  independent  of  the 
weight  of  the  ball  and  the  nature  of  its  substance. 

312.  Two  penduliims  of  equal  lenijtlis  peiforin  an  equal 
number  of  vibrations  in  the  same  pe^•iod  of  time. 

313.  Two  pendulums  of  unequal  lengths  perform  an 
unequal  number  of  vibrations  in  the  same  period  of  time — 
the  longest  pendulum  performing  ihe  smallest  number  of 
oseillations. 

314.  Pendulums  of  unequal  lengths  vibrate  in  times 
which  are  lo  one  another  as  the  square  roots  of  their  lengths. 

315.  A  second's  peiul'dum  is  one  that  pei  forms  exactly 
si.Kty  vibr  itions  in  a  minute,  or  one  vibration  in  one  second. 

316.  The  time  occupied  by  a  vibration  depends: — 

1st.  Upon  the  length  of  the  pendulum  ;  and 

2nd.  Upon  the  intensty  of  the  force  of  gravity. 

Note  —Since  the  eai-th  is  not  an  exact  sphere,  being  flattened  at.  the  poU-s, 
the  surface  of  the  eartli  at  the  poles  is  nearer  to  the  centre  than  at  the 
equator.  Hence  the  intensity  of  the  forci?  of  gravity  is  les-)  at  the  equator 
than  at  the  poles,  and  a  pendulum  that  beats  seconds  at  the  equator  must 
be  lengthened  in  order  to  beat  seconds  as  it  is  carried  towards  the  poles. 
In  point  of  fact,  a  seconds  p.'ndulum  at  the  pi>les  is  about  one-flfth  of  an 
inch  longer  tlian  a  seconds  pendulum  at  the  equator.  The  following  table 
shows  the  length  of  the  seconds'  pendulum  at  different  parts  of  the  earth's 
surface,  and  also  the  magnitude  of  the  force  of  gravity  ;  i.  e.,  the  velocity 
which  the  force  of  gravity  will  impart  to  a  dense  body  in  falling  for  one 
entire  second. 


Place. 

Latitude. 

Length  of 
Seconds'  Pen- 
dulum. 

Velocity  acquired 

by  a  body  falling 

one  second. 

St.  Thomas 

0°  21' 
7°  55' 
40^^  42' 
48°  50' 
51°  31' 
79°  50' 

39.01  inches 
39.08      ., 
39.10      " 

89.12  " 

39.13  " 
39.21      " 

384.986  inches 
384.286      " 
885.978      " 
386,076      " 
386.174      " 
386.934      " 

Ascension 

New  York 

Paris 

London 

Spitzbergen 
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Note  2.— In  Canada  tho'second's  pendulum  is  aliout  39.11  in.  in  length, 

317.  The  pendulum  is  applied  to  three  purposes : — 
1st.  As  a  measure  of  time  ; 
2nd.  As  a  measure  of  the  force  of  gravity  ;  and 
3rd.  As  a  standard  of  measure. 

Note. — The  pendulum  is  used  as  a  measure  of  time  by  attaching  it  to 
clock-work,  which  serves  the  double  purpose  of  registering  its  oscillations 
and  restoring  to  the  pendulum  the  motion  lost  in  its  vibration  by  friction 
and  atmospheric  resistance.  The  use  of  the  pendulum  as  a  standard  of 
measure  will  be  seen  from  the  following  statements,  viz : 

1st.  K  pound  pressure  means  that  amount  of  pressure  which  is  exerted 
to^rards  the  earth,  in  the  latitude  of  London  and  at  the  level  of  the  sea,  by 
the  quantity  of  matter  called  a  pound. 

2nd.  A  pound  of  matter  means  a  qviantity  equal  to  that  quantity  of  pore 
water  which,  at  the  temperature  of  62  deg.  Fahrenheit,  would  occupy 
27727  cubic  inches. 

3rd.  A  cubic  inch  is  that  cube  whose  side,  taken  39"1393  times,  would 
measure  the  effective  length  of  a  London  seconds  pendulum. 

4th,  A  seconds  pendulum  is  that  which,  by  the  unassisted  and  unopposed 
effect  of  its  own  gravity,  would  make  86100  vibrations  in  an  artificial  solar 
day,  or  86163"09  in  a  natural  sidereal  day. 

318.  Jf  t-=.  the  time  of  oscillation,  I  =  the  length  of  the  pendU' 
lum,  g  =  the  force  of  gravity  ;  i.  e.,  the  velocity  which  the  force  of 
gravity  would  impart  to  a  dense  body  falling  through  one  entire 
second,  and  ji  =  3'1416;  i.  e.,  the  ratio  between  the  diameter  of  a 
circle  and  its  circumference. 

Then  f  =;  -n-  X  V—  OO  I  =  -^    (n.)  and  g  =  -^  (m.) 

Wlien  t  =;  one  second,  formulas  (ii)  and  (in),  respectively  become 
g 
I  ■=■  — I   (iv.)  and  g  =  In^  (v.) 

319.  To  find  the  time  in  which  a  pendulum  of  given 
length  will  vibrate,  or  the  length  of  a  pendulum  that  vibrates 
in  a  given  time : — 

Let  I  =:  the  length  and  t  =  the  time.  Then  since  (Art.  314) 
the  times  are  as  the  square  roots  of  the  lengths,  and  in  Canada  the 
seconds  pendulum  is  39'11  inches  in  length — we  have 


/  :  1  ::  ^l:^j39-ll ;  and  hence 

t=    \— — (Ti.),  an<iZ  =  i«X39-ll.(Tii.) 
Y39"11 

320.  To  find  the  number  of  vibrations  which  a  pendulum 
of  given  length  will  lose  by  decreasing  the  force  of  gravity, 
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i.  e.,  by  carrying  the  pendulum  to  the  top  of  a  mountain 
or  other  elevation. 

Let  n  =  the  number  of  vibrations  performed  at  the  earth's 
surface  in  the  given  time,  n'  z=  the  number  of  vibrations  lost  in  the 
same  time,  r  =3  the  radius  of  the  earth,  =  4000  miles,  and  h  =: 
the  height  of  the  mountain  in  miles  or  fraction  of  a  mile;  then 

nh  n'r 

n'  •=.  —  (viii.),  and  hence  hz^  — .  (ix,) 

321.  To  find  the  number  of  vibrations  which  a  pendulum 
of  given  length  will  gain  in  a  given  time  by  shortening  the 
pendulum. 

Let  I  =  the  given  length  of  the  pendulum,  and  I'  =  the  decrease 
in  length  :  also  let  n  =  the  number  of  vibrations  performed  in  the 
given  time,  and  n'  z=  the  number  of  vibrations  gained  in  the  same 
time ;  then 

nl'  2  n'l 

"  =  Yi  (^-^  """^  ^  ^~ir  (^^-^ 


Example  382. — How  many  vibrations  will  a  pendulum  36 
inches  long  make  in  one  minute  ? 

SOLUTION. 

Formula  VI.:   t=  ^-—-——     ^^|^  =  ^^920^= '959  seconds. 

Heuce  the  number  of  vibrations  =  60  4-  "959  =  62*56. 

Example  383. — Required  the  length  of  a  pendulum  that  makes 
80  vibrations  in  a  minute  ? 

SOLUTION. 
Here  <  =:  f  §  =  »• 

Then  formula  VII.  i  =  <2  X  39'11  =  (J)«  X  39-11  =  ^  X  39-11 
z=.  21'999  inches. 

Example  384. — In  what  time  will  a  pendulum  60  inches  long 
vibrate  ? 


60 


Formula  VI.:    tz=.  ^^r^=    VmT  ~    ^1-5341  =  1239  sec.  ^m«. 

Example  385. — A  pendulum  which  beats  seconds  is  taken  to 
the  top  of  a  mountain  one  mile  high :  how  many  seconds  will  it 
lose  in  6  hours  ? 
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Here  «  =:  6X60X60,  h  =  1,  and  r  =  4U00. 

rm,       <•  1    ,,rT,T^       I       '*''       6X60X60X1        21600         ,,    . 

Then  formula  (VIII.) :  n'  ■==.  —  =: =  —       =:  5  4  Ana, 

r  4000  40uO 

Example  386  — If  a  clock  lose  1  minute  in  24  hours,  how 
much  must  the  pendulum  be  shortened  to  make  it  keep  true 
time  ? 

SOLUTION. 


Here  n  ~  24X60X60,  n'  =  60.  and  I  =  39'U. 
2X60X39-11 
21X60X60 


mu  »  ,       vrr  (  2Jt'^  2X60X39"11  „„.,„  .  i     ,    xr.      - 

Then  formula  XI. :  t' = =   ,  -  =  00513  or  about -vlirth  of 


an  inch.  Ans. 

Example  387. — Through  what  distance  will  a  heavy  body  fall 
in  Citaada  during  one  entire  second,  and  what  will  be  its  termi- 
nal velocity  ? 

SOLUTION 

Here  i  =  1,  and  I  =  39"11. 

Then  formula  V.   ,7  =  /  ir^  ^  ,39-ltX  (3-1416)2  —  39.11  x  9  86983056  = 

3S6  Oui  inches  ^=  terminal  velocity. 

Hence  space  passed  through  =    ^'    — —  :=  193.001  inches  =  16"0835 
feet.  Alls. 

Example  338. — What  must  be  the  length  of  a  pendulum  in 
order  to  vibrate  ten  times  in  a  minute? 


Here  i  =  —  =  6  seconds. 
10 

Then  formula  VII.  ?  =  <2X39-11  =  10«X39-11  =100X3911=  3911  in. 
=  326  feet  nearly.  Ans. 

Example  389. — A  pendulum  which  vibrates  seconds  at  the 
surface  of  the  earth  is  taken  to  the  top  of  a  mountain  and  is 
there  found  to  lose  18  seconds  in  a  day  of  24  hours:  required 
the  height  of  the  mountain? 


Here  n'  =  2iX  60X60,  w  =  18,  and  r  =  4000, 
18X  MOO 


■21x60x60 


4  miles  =  4400  feet.  Ans. 


Example  390. — If  a  seconds  pendulum  be  shortened  IJ  inches, 
how  many  vibrations  will  it  make  in  one  minute  ? 
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SOLUTION. 
Here  n  =  60,  J  =  3911,  and  I'  =  1-25. 

Then  formula  X.:  m' =  :rr=  o^'^nTTl  =<1'95S  =  thciiiimborofvibra- 
tions  gained ;  hence  tha  number  of  vibrations  made  =  CO'958.  Ans. 

Example  391. — What  will  be  the  velocity  acquired  by  a  heavy- 
body  falling  during  one  entire  second  in  the  latitude  of  Spitz- 
bergen  ? 

SOLUTION. 

Here  i!  =  1,  and  by  the  table  Art.  31G,  ?  =  39-21, 

Then  g  =  lir.i—  39-21 X  (3'l-il6J  2  —  3921 X9-869G5  ^  3S6988  inches.  Ans. 

EXERCISES. 

392.  What  must  be  the  length  of  a  pendulum  in  the  latitude  of 

Canada  in  order  that  it  shall  vibrate  once  in  3  seconds  ? 

Jns.  351-99  inches. 

393.  A  pendulum  that  vibrates  seconds  at  the  surface  of  the 

earth  is  carried  to  the  summit  of  a  mountain  3  miles  in 
height:  how  many  seconds  will  it  lose  in  24  hours? 

jlns.  64-8. 

394.  In  what  time  will  a  pendulum  10  inches  in  length  vibrate? 

jlns.  -505  seconds. 

395.  What  velocity  will  a  heavy  body  falling  in  the  latitude  of 

New  York  acquire  in  one  entire  second?       jlns.  385-903. 

396.  If  a  clock  lose  10  minutes  in  24  hours,  how  much  must 

the  pendulum  be  shortened  in  order   that  it  shall  keep 

correct  time?  ^ns.  -543  or  over  I  of  an  inch. 

39t.  If  a  seconds  pendulum  be  shortened  5  inches,  how  many 

vibrations  will  it  make  in  a  minute?  jins.  63  83. 

398.  A  pendulum  which  vibrates  seconds  at  the  surface  of  the 

earth  is  carried  to  the  summit  of  a  mountain,  where  it  is 
observed  to  lose  30  seconds  in  24  hours :  required  the 
height  of  the  mountain  ?  .4h.s.  73333  feet. 

399.  In  what  time  will  a  pendulum  100  inches  long  vibrate  ? 

jins.  1-59  seconds. 

400.  Required  the  length  of  a  pendulum  which  makes  120  vibra- 

tions per  minute?  ..ijis.  9-77  inches. 

401.  Through  how  many  feet  will  a  body  fall  in  one  second,  and 

what  will  be  its  terminal  velocity  at  the  end  of  that  por- 
tion of  time  in  the  latitude  of  Paris  ? 

jlns.  Terminal  velocity  =  386-1  in. 
Space  passed  over  =  16-0875  ft. 
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CHAPTER  VIII. 

HYDRODYNAMICS. 

322.  Hydrodynamics  treats  of  the  motions  of  liquids  and 
of  the  forces  which  they  exert  upon  the  bodies  when  their 
action  is  applied. 

323.  The  particles  of  a  fluid  on  escaping  from  an  orifice 
possess  the  same  velocity  as  if  they  had  fallen  freely  in 
vacuo  from  a  height  equal  to  that  of  the  fluid  surface  above 
the  centre  of  the  orifice. 

Note. — This  is  known  as  Torricelli's  theorem.  Since  all  bodies  falling 
in  vacuo  from  the  same  height  acquire  the  same  velocity,  density  has  no 
effect  in  increasing  the  velocity  of  a  liquid  escaping  from  an  orifice  in  the 
side  or  in  the  bottom  of  a  vessel.  Thus  water,  alcohol,  and  mercury  will  all 
flow  with  the  same  rapidity ;  for  though  the  pressure  of  the  mercury  is  13J 
times  greater  than  that  of  water,  it  has  18^  times  as  much  matter  to  move 

324.  "When  a  liquid  flows  from  an  orifice  in  a  vessel 
which  is  not  replenished  but  the  level  of  which  continually 
descends,  the  velocity  of  the  escaping  liquid  is  uniformly 
retarded,  being  as  the  decreasing  scries  of  odd  numbers  9, 
Y,  5,  3,  &c,,  so  that  an  unreplenished  reservoir  empties 
itself  through  a  given  aperture  in  twice  the  time  the  same 
quantity  of  water  would  have  required  to  flow  through  the 
same  aperture  had  the  level  been  maintained  constantly 
at  the  same  point. 

325.  The  quantity  of  fluid  discharged  from  a  given 
aperture  in  a  given  time  is  found  by  multiplying  the  area 
of  the  aperture  by  the  velocity  of  the  escaping  liquid. 

Note. — Experiments  do  not  agree  with  this  theory  as  regards  the  quan- 
tity of  liquid  discharged.  The  whole  subject  has  been  carefully  investigated 
by  Bossut,  and  he  has  shown  that 

Actual  discharge  :  Theoretical  discharge  : :  -62  : 1  or  as  5  :  8. 

Hence  the  theoretical  discharge  must  be  multiplied  by  f  to  obtain  the 
true  quantity.  p.     ^^ 

This  discrepancy  arises  from  the  fact  that  the  escaping "     ! 

jet  diminishes  in  diameter  just  after  leaving  the  vessel, 
forming  what  is  known  as  the  vetia  contracta  or  contracted 
vein.  The  minimum  diameter  of  the  vein  is  found  at  a 
distance  about  equal  to  half  the  diameter  of  the  aperture 
as  at  c  e'  Pig.  27.  This  effect  arises  from  the  fact  that  just 
above  the  orifice  the  lateral  particles  of  fluid  move  as  well 
as  the  descending  portions. 
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326.  Let  Q  =:  the  quantity  discharged  in  1  tecond,  a  ■=.  area  of 
aperture,  h  =  height  of  fluid  level  above  the  centre  of  the  orifict, 
g  =  actelerating  force  of  gravity,  and  v  =  velocity. 

Then  Art.  266  v  —  ^2gh,  (i)  Q  =  OA/lgh,  (ii)  a  =  —== ,  (in) 

V2gA 

Note.— Since  g  =  32, 2ff  =  64,  and  V2F=  8,  formulas  I,  II  and  III  become 
respectively  v  =  sV^  Q  =  8a*Jh,  and  a  =  §77^ 

Example  402. — With  what  velocity  does  water  issue  from  a 
small  aperture  at  the  bottom  of  a  vessel  filled  to  the  height  of 
100  feet? 

SOLUTIOW. 

Formula  1  «  =  sVft  =  sVlOO  =  8X10  =  80  feet  per  second,  Ans. 

Example  403.— "What  quantity  of  water  will  be  discharged  in 
one  minute  from  an  aperture  of  half  an  inch  in  area — the  height 
of  the  water  in  the  vessel  being  kept  constant  at  10  feet  above 
the  centre  of  the  orifice  ? 

SOLUTION. 

Hero  a  =»  i  square  inch  =  jj^J^  of  a  square  foot. 

The  cubic  feet  discharged  in  1  second  =  Sayh 

Cubic  feet  discharged  in  1  minute  =  60X8axVA  =  6G  X  v! §7X^/10=:  60 X 
'36  X  3'162  —  5'27  cubic  feet  —  the  theoretical  quantity, and  5"27xl  =  3'29 
cubic  feet  =  true  quantity. 

Example  404. — What  must  be  the  area  of  an  orifice  in  the  sida 
of  a  vessel  in  order  that  40  cubic  feet  of  water  may  issue  per 
hour — the  water  in  the  reservoir  being  kept  constantly  at  the 
level  of  20  feet  above  the  centre  of  the  aperture  ? 

SOLUTION. 
40 

Here  Q  =3  =  ^^  of  a  cubic  foot,  and  since  this  is  only  f  of  the 

theoretical  quantity,  Q  =  f  of  J^^  =:  ^l^-  of  a  cubic  foot.   Also  h  =  20. 

Then  formula  HI.  a  =3-^  I^  =  A.  ^ ^_^  of  a  foot  =  |4  of  an 

inch.  Ans. 

Example  405. — An  upright  vessel  16  feet  deep  is  filled  with 
water  and  just  contains  15  cubic  feet.  Kow  if  a  small  aperture 
i  of  an  inch  in  area  be  made  in  the  bottom,  in  what  time  will 
the  vessel  empty  itself? 
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SOLUTION. 

Here  h  =  16  ft.,  a  =  i  of  an  inch,  and  Q  =  15  cubic  feet. 

Hence  the  theoretical  quantity  ^=  15X^  ;=  24  cubic  feet. 

Then  velocity  at  commencement  =  sV'i  =  8Vl6  —  32  ft- 

Quantity  discharged  in  1  second  =  32x^1-^  =,33=  J^r  of  a  cubic  foot. 

Time  required  to  discharge  24  cubic  feet  :=  ^l-^JL.  =z  432  seconds. 

But,  Art.  32  !•,  when  a  vessel  empties  itself,  tlie  time  required  to  dischargft 
a  f;iven  qiiantily  of  water  is  double  that  requisite  for  discharging  the  same 
quantity  wiien  the  level  is  maintained. 

Hence  time  =  432X2  =  864  seconds  =:  16"4  minutes.  Atis. 
EXERCISES. 

406.  With  what  velocity  does  water  issue  from  a  small  aperture 

in  the  side  of  a  vessel  filled  to  the  height  of  25  feet  above 
the  centre  of  the  orifice?  Ans.  40  feet  per  second. 

407.  With  what  velocity  does  water  flow  from  a  small  aperture 

in  the  side  of  a  vessel  filled  with  water  to  the  height  of 
17  feet  above  the  centre  of  the  orifice? 

Ans.  32-984  feet  per  second. 

408.  In  the  last  example,  if  the  water  flows  into  a  vacuum,  what 

is  its  velocity  ?  ^ns.  56  feet  per  second. 

Note.— Since  the  pressure  of  the  atmosphere  is  equal  to  that  of  a 
column  of  water  32  feet  higli.  the  effective  height  of  the 
column  of  water  is  17-|-32  =^  49  feet. 

409.  How  much  water  is  discharged  per  minute  from  an  aperture 

having  an  area  of  ^  of  an  inch — the  surface  of  the  fluid 
being  kept  constant  at  36  feet?  .^ns.  2\  cubic  feet. 

410.  What  must  be  the  area  of  the  aperture  in  the  bottom  of  a 

vessel  in  order  that  90  cubic  feet  of  water  may  issue  per 
houi- — the  level  of  the  water  in  the  vessel  being  constantly 
kept  at  20  feet  above  the  centre  of  the  orifice  ? 

Ans.  -161  or  about  -^s;  of  an  inch. 

411.  A  vessel  contains  20  cubic  feet  of  water,  which  fills  it  to 

the  depth  of  30  feet — now  if  an  aperture  having  an  area 
of  ^  of  an  inch  be  made  in  the  bottom  of  the  vessel,  in 
what  time  will  it  empty  itself? 

Ans.  2  minutes  30J  seconds. 


327.  When  waterspouts  from  several  ajiertures  in  the 
side  of  a  vessel,  it  is  thrown  vvitli  the  jrreatest  random  fcora 
tl)e  orifice  nearest  the  centre,  the  jet  issuino;  fi'om  the  centre 
will  reach  a  hoiizonfal  distance  ejiial  to  the  entire  height 
of  the  liquid,  and  all  jets  equally  distant  from  the  centre 
■will  be  thrown  to  an  erjual  horizontal  distance. 
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twice  CO  or  C'C  and  that  from  JD  or  D  will  reach  K  =  twice 


Fig.  23. 
Note. — Let  VA  be  a  vessel 
filled  with  water,  Iiaving  its 
side  AB  perpendicular  to  the 
horizontal  plane  JJM.  On  AB 
describe  thy  semicircle  BDA. 
Bisect  AB  in  Caiid  in  AB  take 
any  points  D  and  D'  equally 
distant  from  E,  also  C  and  \^' 
equally  distant  from  E.  Draw 
also  C'C,  DD.  EE,  &c.,  perpen- 
dicular to  AB&wA  produced  to 
the  circumference  ABC.  Then 
if  smal  I  ori  tices  be  pierced  in  the 
side  of  the  vessel  at  <)',lJ',E',D', 
and  C,  tlic  liquid  from  E  will 
spout  to  twice  EE'—AB—BM-yi 
the  liquid  from  C  or  C  will 
spout  to  //  = 
DD  or  D'D'. 

328.  When  water  flows  in  any  bed,  as  in  the  channel  of 
a  river  or  in  a  pip3,  the  velocity  becomes  constant  when 
the  lengtli  of  the  l)ed  bears  a  large  proporlion  to  iis  sec- 
tional area.  Thus  in  pipes  of  more  than  109  feet  in  length 
or  in  rivei's  whose  course  is  unopposed  by  natural  obstacles, 
the  velociiy  of  the  body  of  the  stream  is  the  same  throughout 
When  this  oecurs  the  liquid  is  said  to  be  in  train. 

329.  The  velocity  of  the  liquid  flowing  in  a  pipe  or 
channel  is  not  the  same  in  every  part  of  its  section,  being 
greatest  in  the  centre  of  the  section  of  the  pipe  or  in  the 
middle  of  the  surface  of  the  streani. 

Note  l.— This  arises  from  thn  friction  exerted  against  the  fluid  by  the 
interior  surface  of  the  pi|)u  or  the  banks  of  the  stream.  In  a  stream,  on 
account  of  the  middle  part  having  the  greatest  velocity,  the  surface  is  always 
more  or  less  convex. 

Note  2.— The  velocity  of  a  stream  may  be  determined  in  three  different 
ways : — 

Ist.  An  open  tube  bent  at  ric;ht  ans;lcs  is  placed  in  a  stream  with  one  of 
its  legs  opposed  to  the  current  and  thu  other  branch  vertical— the  velocity 
of  tlie  stream  is  measured  by  the  height  to  which  the  water  rises  in  the 
vertical  le.u. 

2nd.  A  float  is  thrown  into  the  stream  and  the  time  occupied  by  it  in 
passing  over  a  known  distance  observed. 

3rd.  The  convexity  of  thy  surface  may  be  measured  by  a  levelling  instru- 
ment, and  its  velocity  thus  determined. 

330.  To  find  the  velocity  of  efflux,  and  hence  the  quantity  of 
water  discharged  in  a  given  time  from  a  reservoir  of  given  height 
through  a  pipe  of  given  length  and  diam,i:ter :~ 
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Let  d  =  diameter  of  pipe,  I  ^  length,  h  =  height,  and  v  =  velocity. 
Then,  all  the  dimensions  being  in  feet,  v  =  48^  ]  r-r — —.  [ 

Note.— This  is  the  formula  of  M.  Poncelet  and  is  regarded  as  strictly 
accurate. 

331.  Water  is  frequently  made  to  drive  rnachinery  by 
its  weight  or  momentum  exerted  on  a  vertical  water-wheel. 

332.  There  are  three  varieties  of  vertical  water-wheels, 
viz :  the  undershot,  the  overshot,  and  the  breast  wheel, 

Fi^.  29. 


Undershot  wheel. 


Oversliot  wheel. 


Note.— The  mode  in  which  the  water  is  made  to  act  on  these  is  repre- 
sented in  Pig.  29.  It  will  be  observed  that  the  undershot  wheel  is  moved  by 
the  momentum  of  the  water — the  breast  wheel  and  overshot  wheel  by  its 
weight  aided  by  its  momentum.  An  overshot  wheel  will  produce  twice 
the  effect  of  an  undershot  wheel,  the  dimensions,  fall,  and  quantity  of 
water  being  the  same.  The  breast  wheel  is  found  to  consume  twice  the 
quantity  of  water  required  by  an  overshot  wheel  to  do  the  same  work. 

333.  In  all  water-wheels  the  greatest  mechanical  effect 
is  produced  when  the  velocity  of  the  water  is  2^  times 
that  of  the  wheel. 
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334.  To  find  the  horse  powers  of  a  vertical  water- 
wheel — 

Let  b  =  breadth  of  stream  in  feet,  d  ^  depth  of  stream^ 
«  =  mean  velocity  in  feet  of  stream,  per  minute,  h  z=.  height  of  fall) 
$  =  weight  of  one  cubic  foot  of  water,  m  =:  modulus  of  the  wheel) 
and  U  :=  units  of  work. 

mbdvsh 
Then  horse  powers  =  "^^7^7^- 

ExAMPLB  412. — A  water-wheel  is  worked  by  a  stream  6  feet 
wide  and  3  feet  deep,  the  velocity  of  the  water  is  22  feet  per 
minute,  and  the  height  of  the  fall  30  feet,  required  the  horse 
powers  of  the  wheel,  the  modulus  being  -7. 

SOLUTION. 
„  „        mbdvsh      6X3X23X.30X62-5X-7      ,^.^,    . 
^"  ^-  =  -ZSm    = 33000 =  157o.  Ans. 

Example  413. — "What  is  the  horse  powers  of  a  water-wheel 
worked  by  a  stream  2  feet  deep,  7  feet  wide  and  having  a  velocity 
of  33  feet  per  second— *the  fall  being  10  feet  and  modulus  of  the 
wheel  '6  ? 

SOLUTIOir. 

„  „        mhdvsh      •6X7X2X33X62*5X10         „     . 

Hi  P.  =s =  —  4,-25  Ans. 

33000  33000 

Example  414. — A  water  reservoir  is  100  feet  in  height,  supplies 
water  to  a  city  by  a  pipe  10000  feet  in  length  and  6  inches  in 
diameter,  what  is  the  velocity  per  second  and  what  quantity 
will  be  discharged  in  24  hours  ? 

SOLUTION. 

Here  h  ^  100, 1  =  10000,  and  «Z  =;  j. 

Then  Art.  330,  v^i8^\  ^.  ^  =  4sV  J  _iO0XL    \  -  48  J^ 
vt?+54dj  i  10000+54        >  V^""-' 

=s  3*36  feet  per  second  =  velocity. 
Quantity  discharged  in  1  second  =  3"1 416X  (|)  ^  X3'3G, 

Quantity  discharged  in  24  hours  =  3-1416X-if  X  3-36  X  CO  X  60  X  24  = 
B7001'1904  cubic  feet.  Ans. 

EXERCISES. 

415,  A  water-wheel  is  worked  by  a  stream  4  feet  wide  and  3  feet 
deep,  the  velocity  of  the  water  is  29  feet  per  minute,  the 
fall  20  feet ;  required  the  horse  powers  of  the  wheel,  its 
modulus  being  -56  ?  Ans.  7-38. 
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416.  A  water-wbeel  is  worked  by  a  stream  2  feet  deep  and  4 

feet  wide,  and  having  a  velocity  of  50  feet  per  minute,  the 
fall  is  33  feet  and  the  modulus  84,  how  many  cubic 
feet  of  water  per  hour  will  this  wheel  raise  from  the  depth 
of  44  feet?  ^ns.  15120. 

417.  A  water-wheel  is  worked  by  a  stream  4  feet  wide  and  3 

feet  deep,  the  velocity  of  the  water  being  15  feet  per 
minute,  and  the  fall  2  7  feet,  how  many  gallons  of  water 
per  hour  will  this  wheel  raise  to  a  height  of  80  feet,  the 
modulus  being  -8?  ^ns.  18225  gallons. 

418.  A  water  reservoir  80  feet  in  height  supplies  water  to  a  city 

through  a  pipe  1 742  feet  in  length  and  4  inches  in  diameter, 
what  is  the  velocity  of  the  water  per  second  and  how 
many  gallons  will  it  deliver  in  10  hours? 

jlns.  11592504  gallons. 
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1.  What  "must  be  the  length  of  a  pendulum  in  the  latitude  of 

Canada  in  order  to  vibrate  once  in  5  seconds? 

2.  In  a  lever  the  arm  of  the  power  is  7  feet  long  and  the  arm 

of  the  weight  2  feet  7  inches  ;  with  this  instrument  what 
power  will  sustain  a  weight  of  743  lbs.  ?    ^ /'^  /^- 

3.  In  a  Hydrostatic  Press  the  sectional  areas  of  the  cylinders 

are  to  one  another  as  142  7  is  to  3,  and  the  force  pump  is 
worked  by  means  of  a  lever  whose  arms  are  to  one  another 
as  27  to  2.  Now  if  a  power  of  87  lbs.  be  applied  to  the 
extremity  of  the  lever,  what  upward  pressure  will  be 
exerted  against  the  piston  in  the  larger  cylinder? 

4.  A'  cannon  ball  is  fired  vertically  with  an  initial  velocity  of 

600  feet  per  second,  it  is  required  to  find — 
1st.    How  far  it  will  rise. 

2nd.  Where  it  will  be  at  the  end  of  the  7th  second. 
3rd.  In  how  many  seconds  it  will  again  reach  the  ground. 
4lh.  What  will  be  its  terminal  velocity. 
5th.  In  what  other  moment  of  its  flight  it  will  have  the  same 

velocity  as  at  the  end  of  the  5th  second  of  its  ascent. 

5.  A  water-wheel  is  worked  by  means  of  a  stream  4  feet  wide 

and  3^  feet  deep,  the  water  having  a  velocity  of  2  7  feet 
per  minute,  and  falling  from  a  height  of  36  feet,  how 
many  strokes  per  minute  will  it  give  to  a  forge  hammer 
weighing  7oOO  lbs.,  and  the  vertical  length  of  the  stroke 
4  feet  ? 
C.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are  3i 
and  3^  inches,  and  a  power  of  7  pounds  sustains  a  weight 
of  1000,  what  is  the  radius  of  the  wheel?       O  _    ^~  4~ 
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7.  How  far  may  an  empty  vessel  capable  of  sustaining  a  pres- 

sure of  159  lbs.  to  the  square  inch  be  sunk  in  water  before 
breaking? 

8.  In  a  screw  the  pitch  is  -j^,-  of  an  inch,  the  power  lever  9  feet 

2  inches  long  and  the  weight  is  44000  lbs.,  what  is  the 
power?      /y.  J^ 

9.  How  many  units  of  work  are  expended  in  raising  TO  cubic 

feet  of  water  to  the  height  of  83  feet?  J o  ^  ■  /^J  " 

10.  The  piston  of  a  low  pressure  steam  engine  has  an  area  of 
~        360  inches  and  makes  13  strokes  of  7  feet  each  per  minute, 

the  pressure  of  the  steam  on  the  boiler  being  40  lbs.  to  the 
square  inch,  required  the  horse  powers  of  the  engine. 

11.  Through  how  -nany  feet  will  a  power  of  7  lbs.,  moving 

through  120  feet,  carry  a  weight  of  29  lbs.  ? 

12.  A  locomotive  weighing  75  tons  is  drawn  along  an  inclined 

plane  with  a  uniform  velocity  of  40  miles  per  hour,  as- 
suming the  inclination  of  the  plane  to  be  |  in  100,  and 
taking  friction  and  atmospheric  pressure  as  usual,  what 
is  the  horse  powers  of  the  engine  ?  /  9  i"-  / 7 

1st.  If  the  train  is  ascending  the  plane  ?      /e'^  '^  7 

2nd.  If  the  train  is  descending  the  plane  ?     9^  ^ '  -^  ^ 

13.  If  a  body  weighing  7  lbs.  at  the  surface  of  the  earth  be  carried 
"         to  a  distance  of  30000  miles  from  the  earth,  what  will  be 

its  weight?         -^^'Ti" 

14.  With  what  velocity  per«econd  will  water  flow  from  a  small 

aperture  in  the  side  of  a  vessel,  the  fluid  level  being  kept 
constantly  12  feet  above  the  centre  of  the  orifice? 

15.  In  a  Hydrostatic  Bellows  the  tube  has  a  sectional  area  of  1 J 

inches,  the  area  of  the  board  is  37  inches,  and  the  tube  is 
filled  with  water  to  the  height  of  28  feet,  what  upward 
pressure  is  exerted  against  the  board  of  the  bellows? 

16.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are  \\ 

and  1\  inches,  the  radius  of  the  wheel  is  40  inches,  what 
power  will  sustain  a  weight  of  8700  lbs.  ?     S~0' •    //'/•? 

17.  A  alock  is  observed  to  lose  17  minutes  in  24  hours,  how 

much  must  the  pendulum  be  lengthened  in  order  that  it 
may  keep  correct  time? 

18.  At  what  height  will  the  mercury  stand  in  a  barometer  at  an 
""        elevation  of  30-5  miles  ? 

19.  An  upright  flood  gate  of  a  canal  is  17  feet  wide  and  13  feet 

deep,  the  water  being  on  one  side  only  and  level  with  the 

top  ;  required  the  pressure. 
1st.  On  the  whole  gate. 
2nd.  On  the  lowest  three-fifths  of  the  gate. 
11 
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3rd.  On  the  middle  three-fifths  of  the  gate. 
4th.  Oa  the  upper  four-elevenths  of  the  gate. 
5th.  On  the  lowest  five-twelfths  of  the  gate. 

/  20.  A  piece  of  stone  weighs  23  oz.  in  air  and  only  14-t  oz.  in 
water  ;  required  its  specific  gravity.      ^,  /^y^/  t^*^-^ 
21    Through  how  many  feet  will  a  body  fall  in  21  seconds  down 
an  incline  of  7  in  16? 

22.  In  a  compound  lever  the  arms  of  the  power  are  9,  7,  5,  and 

3  feet,  the  arms  of  the  weight  3,  2,  1,  and  \  feet,  the 
power  is  11  lbs. ;  required  the  weight.    (^ ^  ^  d" 

23.  If  mercury  and  milk  are  placed  together  in  a  bent  glass  tube 

or  syphon,  and  if  the  column  of  mercury  is  7*9  inches  in 
length,  what  will  be  the  length  of  the  column  of  milk  ? 

24.  In  a  Hydrostatic  Press  the  sectional  areas  of  the  cylinders 

are  to  one  another  as  1111  to  2,  the  force  pump  is  worked 
by  means  of  a  lever  whose  arms  are  to  one  another  as  17 
to  2  and  the  power  applied  is  123  lbs. ;  what  is  the  up- 
ward pressure  exerted  against  the  piston  in  the  large 
cylinder? 

25.  In  a  difi'erential  screw  the  pitch  of  the  exterior  screw  is  f  of 
"  aa  inch,  that  of  the  interior  screw  is  ^f  of  an  inch,  the 

lever  is  25  inches  long  and  the  power  applied  is  130  lbs., 
what  is  the  pressure  exerted  ?      ^ p'/^  ^^  ^'    )  L" 

26.  A  seconds  pendulum  is  observed  when  carried  to  the  summit 

of  a  mountain  to  lose  3  seconds  in  an  hour;  what  is  the 
height  of  the  mountain  ? 

27.  Through  how  many  feet  will  a  heavy  body  fall  during  the 

10th,  the  7th,  and  the  6th  seconds  of  its  descent? 

28.  In  what  time  will  an  upright  vessel  20  feet  high  and  filled 

with  water,  empty  itself  through  an  aperture,  in  the  bot- 
tom, three-fifths  of  an  inch  in  area,  the  vessel  containing 
250  gallons  ?  ^ 

29.  A  train  weighing  80  tons  is  drawn  along  a  level  plane  with 

a  uniform  velocity  of  20  miles  per  hour,  taking  friction 
and  atmospheric  resistance  as  usual,  what  is  the  horse 
powers  of  the  locomotive?  ^^  ^  ^^^'  e    '-7-^-^ 

30.  What  is  the  weight  of  the  milk  contained  in  a  rectangular 

vat  11  feet  long,  7  feet  wide,  and  3  feet  deep? 

31.  What  would  be  the  height  of  the  mercui-y  in  the  barometer 
~         at  an  elevation  of  29-7  miles  ? 

32-  What  power  will  support  a  weight  of  666666  by  means  of  an 
endless  screw  having  a  winch  30  inches  long,  an  axle 
with  a  radius  of  2  inches,  and  a  wheel  with  120  teeth  ? 
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'33.  How  much  work  is  required  to  raise  29  tons  of  coal  from  a 
"         mine  1120  feet  deep?        (^  J/   ^  ^  ^  >/  ' 
34.  "With  what  velociy  does  a  body  move  at  the  close  of  the 

27th  second  of  its  descent  ? 
33.  What  is  the  entire  pressure  exerted  upon  the  body  of  a  fish 

having  a  surface  of  11  square  yards  and  being  at  a  depth 

of  140  feet  ? 

36.  How  much  water  will  be  discharged  in  one  hour  through  an 

aperture  in  the  side  or  bottom  of  a  vessel,  the  water  in 
the  vessel  being  kept  at  the  constant  height  of  17  feet 
above  the  centre  of  the  orifice,  and  the  area  of  the  latter 
being  seven-elevenths  of  an  inch? 

37.  How  many  cubic  feet  of  water  can  a  man  raise  by  means  of 

"        a  chain  pump  from  a  depth  of  120  feet  in  a  day  of  8  hours  l/Z'^'/S 

38.  If  a  stone  be  thrown  down  an  incline  of  11  in  100  with  an 

initial  velocity  of  140  feet  per  second,  w^hat  will  be  its 
velocity  at  the  10th  second  of  its  descent  and  through 
how  many  feet  will  it  fall  in  21  seconds?  ; 

39.  At  what  rate  per  hour  will  a  train  weighing  120  tons  be 
**         drawn  up  an  incline  of  i  in  100  by  an  engine  of  90  horse 

powers,  taking  friction  as  usual  and  neglecting  atmos- 
pheric resistance  ?    j?/i>-  ^    V^ 

40.  A  water-wheel  is  driven  by  a  Siream  4  feet  wide  and  3  feet 

deep,  the  fall  is  40  feet  and  the  velocity  of  the  stream  SSj 
feet  per  minute — if  the  modulus  of  the  wheel  is  "63,  what 
number  of  gallons  of  water  will  it  raise  per  hour  from  a 
depth  of  270  feet? 

41.  In  a  system  of  movable  pulleys  a  power  of  2  lbs.  sustaiiis  a 
-"         weight  of  64  lbs. ;  how  many  movable  pulleys  are  there  ? 

1st.  If  the  system  be  worked  by  one  cord?  /(^ 

2nd.  If  there  are  as  many  cords  as  moveable  pulleys  ?3~ 

42.  At  what  rate  per  hour  will  a  horse  draw  a  load  whose  gross 
^        weight  is  1800  lbs.  on  a  road  whose  coefficient  of  friction 

43.  In  a  high  pressure  engine  the  piston  has  an  area  of  600  inches 
"^         and  makes  30  strokes  of  5  feet  each  per  minute  ;  what 

must  be  the  pressure  of  the  steam  on  the  boiler  ia  order 
that  the  engine  may  pump   1000   gallons  of  water  per 
minute  from  a  mine  whose  depth  is  270  feet — making  the         5 
usual  allowance  for  friction  and  the  modulus  of  the  pump  iCy-ZT" 

44.  The  barometer  at  the  summit  of  a  mountain  indicates  a  prcs-       / 
"         sure  of  21-73  inches  while  at  the  base  it  indicates  a 

pressure  of  29-44  inches,  what  is  the  height  of  the 
mountain,  taking  the  mean  temperature  of  the  two  stations 
as  63-70? 
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45.  If  a  stone  be  thrown  vertically  upwards  and  again  reaches  the 

ground  after  a  lapse  of  16  seconds,  to  what  height  did 

it  rise  ? 

43.  In  a  composition  of  levers  the  arms  of  the  power  are  8,  4,  2, 

"         and  7,  the  arms  of  the  weight  are  3,  1,  j,  and  4;  what 

weight  will  be  sustained  by  a  power  of  29  lbs.? 

47.  A  piece  of  wood  which  weighs  17  oz.  has  attached  to  it  a 

metal  siuker  wbich  weighs  137  oz.  in  air  and  8-6  oz.  in 
water — the  united  mass  weighs  only  "5  of  an  ounce  in 
water ;  what  is  tlie  specific  gravity  of  the  wood  ? 

48.  What  must  be  the  area  of  an  aperture  in  the  bottom  of  a 

vessel  of  water  18  feet  deep  and  kept  constantly  full  in 
order  that  27  cubic  feet  may  be  discharged  per  hour? 

49.  How  many  tons  of  coal  will  be  raised  per  day  of  ten  hours 
*"         from  a  mine  whose  depth  is  400  feet,  by  a  low  pressure 

engine  in  which  the  piston  has  an  area  of  1200  inches  and 
makes  20  strokes  of  6  feet  each  per  minute,  the  pressure 
of  the  steam  on  the  boiler  being  45  lbs.  to  the  sq.  inch  ? 

50.  What  power  will  support  a  weight  of  70000  by  means  of  a 

—  screw  having  a  pitch  o^  ij-^  of  an  inch  and  a  power  lever 
9  ieet  2  inches  in  length  ? 

51.  In  what  time  will  a  pendulum  50  inches  long  vibrate  in  the 

latitude  of  Canada  ? 
52    In  a  lever  whose  power  arm  is  8^  times  as  long  as  the  arm 

—  of  the   weight,  what   power  will  sustain   a   weight  of 
729  lbs.  ? 

53.  A  train  weighing  130  tons  is  drawn  along  an  incline  of  j  in 
-'        100  with  a  uniform  velocity  of  25  miles  per  hour  ;  taking 

friction  and  atmospheric  resistance  as  usual,  what  is  the 

horse  powers  of  the  locomotive  : — 
1st.  If  the  train  is  ascending  the  incline? 
2nd.  If  the  train  is  descending  the  incline? 

54.  A  seconds  pendulum  is  observed  to  lose  40  seconds  in  24 

hours  on  the  summit  of  a  mountain  ;  required  its  height. 

55.  A  body  is  fired  vertically  with  an  initial  velocity  of  2000  feet 

per  second  ;  it  is  required  to  find — 
1st.  Where  it  will  be  at  the  end  of  the  120th  second. 
2nd.  How  far  it  will  rise. 

3rd.  In  what  space  of  time  it  will  again  reach  the  ground. 
4th.  Its  terminal  velocity. 
5th.  In  what  other  moment  of  its  flight  its  velocity  will  be 

the  same  as  at  the  end  of  the  49th  second. 
56    In  a  wheel  and  axle  the  radius  of  the  axle  is  3  inches  and  a 

—  weight  of  247  lbs.  is  sustained  by  a  power  of  17  lbs.  ; 
what  is  the  radius  of  the  wheel  ? 
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57.  With  what  velocity  does  water  flow  from  a  small  aperture 

in  the  side  or  bottom  of  a  vessel,  the  fluid  level  being 
kept  constant  at  40  feet  above  the  centre  of  the  orifice? 

58.  In  a  train  of  wheel  work  there  are  four  wheels  and  four 
"  axles,  the  first  wheel  and  last  a.xle  being  jdanc,  i.  e.,  without 

cogs,  and  having  radii  respectively  of  12  and  2  feet — tlie 
second  wheel  has  70,  the  third  80,  the  fourth  100  teeth; 
the  fir.^t  axle  has  8,  the  second  7,  and  the  third  1 1  leaves  ; 
with  this  machine  what  weight  will  be  sustained  by  a 
•   power  of  130  lbs.  ? 

59.  To  what  depth  may  a  closed  empty  glass  vessel  capable  of 

sustaining  a  pressure  of  200  lbs.  to  the  Equare  inch  be 
sunk  in  water  before  it  breaks  ? 

60.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are  1§ 
—         and  1 5  inches  ;  a  power  of  2  lbs.  sustains  a  weight  of  749, 

what  is  the  radius  of  the  wheel  ? 

61.  How  many  units  of  work  are  expended  in  raising  247  tons 

of  coal  from  a  depth  of  473  feet  ? 

62.  What  are  the  horse  powers  of  an  upright  water  wheel  worked 

by  a  stream  5  feet  wide  and  2J  feet  deep,  the  velocity  of 
tlie  water  being  110  feet  per  minute,  the  fall  6  feet,  and 
the  modulus  of  the  wheel  f  ? 

63.  A  train  weighing  140  tons  ascends  a  gradient  having  a  rise 

of  5  in  100;  taking  friction  as  usual  and  neglecting  at- 
mospheric resistance,  what  is  the  maximum  speed  the  train 
will  attain  if  the  horse  powers  of  the  locomotive  be  150? 

64.  A  barometer  at  the  summit  of  a  mountain  indicates  a  pres- 

sure of  21-4  inches  while  at  the  base  the  pressure  is  30-2 

inches  ;  what  is  the  height  of  the  mountain  ? 
05.  On  an  incline  of  7  in  100  wliat  power  acting  parallel  to  the 

plane  will  sustain  a  weight  of  947  lbs.  ? 
66.  What  centrifugal  force  is  exerted  by  a  ball  weighing  40  Iba. 

revolving  in  a  circle  20  feet  in  diameter  and  making  140 

revolutions  per  minute  ? 
67)^What  is  the  specific  gravity  of  a  piece  of  metal  which  weighs 

23-47  oz.  in  air  and  only  18-12  oz.  in  water?   J,  •  3(6 'y^/ 

68.  If  a  body  be  thrown  vertically  upwards  and  again  reaches 

the  ground  in  22  seconds — 
1st.  With  what  vel  icity  was  it  projected? 
2nd.  How  far  did  it  rise  ? 

69.  In  a  screw  the  pitch  is  -^^  of  an  inch,  the  power  lever  is  40 
"         inches    long;    what    power    will    sustain    a   weight    of 

95000  lbs.  ? 

70.  In  what  time  will  an  engine  of  120  horse  powers,  moving  a 
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train  whose  gross  weight  is  100  tons,  complete  a  journey 
of  300  miles,  taking  friction  as  usual,  neglecting  atmos- 
pheric   resistance,    and    assuming    the    rail    to    ascend 
regularly  i  in  100  ? 
An  engine  of  20  horse  powers  raises  7  tons  of  coal  per  minute 
^^  ^1^       from  the  bottom  of  a  mine  200^  feet  deep  and  at  the  same 
^'*^      'N  i^         time  causes  a  forge  hammer  to  make  40  lifts  per  minute  of 
^  "S-.  I,   -^        3  feet  each ;  required  the  weight  of  the  hammer. 
V^'~^v|^.'3;2.'^n  a  Hydrostatic  Press  the  sectional  areas  of  the  cylinders 
"    „  'X  ', '  are  to  one  another  as  1411  to  3,  the  force  pump  is  worked 

^'  "^  •i*'*\        by  a  lever  whose  arms  are  to  one  another  as  28  to  3,  the 
'^  ■!    '^  ^^  upward  pressure  required  is  9000  lbs.  ;  what  must  be  the 

^  «\    ^  'N         power  applied  ? 

73.  In  a  differential  screw  the  pftch  of  the  exterior  screw  is 
',^9  and  that  of  the  inner  screw  -^  of  an  inch,  the  power 
lever  is  6  feet  8  inches  in  length  ;  what  pressure  will  be 
exerted  by  a  power  of  19  lbs.  ? 
.V74.  A  piece  of  nickel  (spec.  gray.  7-816)  weighs  24  grains  in  air 
and  only  16-4  grains  in  a  certain  liquid ;  required  the 
specific  gravity  of  the  liquid. 

75.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are  1^ 
■"         and  l-f^  inches,  the  radius  of  the  wheel  is  42  inches  ;  what 

weight  may  be  sustained  by  a  power  of  23-7  lbs.  ? 

76.  What  gross  load  will  a  horse  draw  when  travelling  at  the 

rate  of  3^  miles  per  hour  on  a  road  whose  coefiicient  of 
friction  is  j^? 

77.  A  body  has  descended  through  a  +  2;  feet  when  a  second 

body  commences  to  fall  at  a  point  2m  feet  beneath  it ; 
what  distance  will  the  latter  body  fall  before  the  former 
passes  it? 

78.  On  an  incline  of  i  in  70  what  power  acting  parallel  to  the 

plane  will  sustain  a  weight  of  4790  lbs.  ? 

79.  "When  a  body  has  fallen  7000  feet  down  an  incline  of  7  in  20, 

what  velocity  per  second  has  it  acquired  ? 

80.  A  body  weighing  100  lbs.  and  moving  from  south  to  north 

with  a  velocity  of  60  feet  per  second  comes  into  contact 
with  another  body  which  weighs  430  lbs.  and  is  moving 
from  north  to  south  with  a  velocity  of  20  feet  per  second, 
and  the  two  bodies  coalesce  and  move  on  together ; 
required  the  direction  and  velocity  of  the  motion  of  the 
united  mass. 
61.  An  engine  of  21  horse  powers  pumps  40  cubic  feet  of  water 
per  hour  from  the  bottom  of  a  mine  whose  depth  is  200 
feet  and  at  the  same  time  draws  coals  from  the  bottom  of 
the  mine ;  required  the  tons  of  coals  drawn  up  per  hour. 


/^^ 
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82.  In  a  system  of  pulleys  -worked  by  several  cords,  each  attached 

by  both  ends  to  the  pulleys,  there  are  8  movable  pulleys 
and  as  many  separate  cords ;  what  weight  will  be 
sustained  by  a  power  of  73  lbs.  ? 

83.  A  body  weighing  20  lbs.  and  moving  at  the  rate  of  47  feet 

per  second  comes  in  contact  with  another  body  weighing 
270  lbs.  and  moving  in  the  same  direction  with  a  velocity 
of  30  feet  per  second  ;  required  the  velocity  and  momen- 
tum of  the  united  mass. 

84.  In  what  time  will  an  engine  of  150  horse  powers  draw  a 
"  train  whose  gross  weight  is  90  tons  through  a  journey  of 

220  miles,  taking  friction  as  usual  and  neglecting  atmos- 
pheric resistance,  one  half  of  the  journey  to  be  on  a  level 
plane  and  the  other  half  up  an  incline  of  |  in  100  ? 

85.  In  a  common  wheel  and  axle  a  power  of  7  lbs.  sustains  a 

weight  of  974 ;  the  radius  of  the  wheel  is  51  inches,  what 
is  the  radius  of  the  axle  ? 

86.  At  what  height  would  the  mercury  stand  in  a  barometer 

placed  at  an  elevation  of  43-2  miles  above  the  level  of 
the  earth  ? 

87.  If  a  body  be  projected  down  an  incline  of  7  in  12  with  an 

initial  velocity  of  40  feet  per  second,  through  how  many 
feet  will  it  move  during  the  10th  second  and  over  what 
space  will  it  have  passed  in  23  seconds? 

88.  In  a  high  pressure  engine  the  piston  has  an  area  of  360  inches 
""         and  makes  17  strokes  of  5  feet  each  per  minute  ;  taking 

the  pressure  of  the  steam  on  the  boiler  as  equal  to  56  lbs. 
to  the  square  inch,what  are  the  horse  powers  of  the  engine  ? 

89.  If  a  body  weighing  111  lbs.  moving  to  the  east  with  a  velocity 

of  90  feet  per  second  come  in  contact  with  another  body 
which  weighs  70  lbs.  and  is  moving  to  the  west  with  a 
velocity  of  40  feet  per  second,  and  after  the  two  have 
coalesced  they  come  in  contact  with  a  third  which  weighs 
80  lbs.  and  is  moving  to  the  east  with  a  velocity  of  20  feet 
per  second  and  the  three  then  coalesce  and  move  on 
together,  what  will  be  the  direction,  velocity,  and  momen- 
tum of  the  resulting  motion? 

90.  What  must  be  the  length  of  a  pendulum  in  the  latitude  of 

Canada  in  order  that  it  may  make  40  vibrations  in  I 
minute  ? 

91.  What  pressure  will  be  exerted  upon  the  body  of  a  man  at  the 

depth  of  97  feet  beneath  the  surface  of  water,  the  man's 
Dody  having  a  surface  equal  to  14  square  feet? 
/  92.  A  piece  of  cork  which  weighs  27-42  grains  has  attached  to 
it  a  sinker  which  weighs  34"7l  grains  in  air  and  only 
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30-12  grains  in  water,  the  united  mass  weighs  nothing  in 
water,  i.  e.,  is  of  the  same  specific  gravity  as  water ; 
required  the  specific  gravity  of  the  cork. 

93.  What  is  the  weight  of  a  mass  of  slate  which  contains  27  cubic 

feet? 

94.  How  many  cubic  feet  of  irou  are  there  in  87  tons? 

95.  What  backward  pressure  is  exerted  by  a  horse  in  going  dowi 

a  hill  which  has  a  rise  of  3  in  40  with  a  load  whose  gross 
weight  is  2100  lbs.,  assuming  friction  to  be  equal  to  ^jg  of 
the  load  ? 
95.  What  pressure  is  exerted  against  one  square  yard  of  an 
embankment  if  the  upper  edge  of  the  yard  be  17  feet  and 
the  lower  edge  18  feet  beneath  the  surface  of  the  water  ? 
97.  The  length  of  a  wedge  is  27  inches  and  the  thickness  of  the 
"*  back  2^  inches  ;  what  weight  may  be  raised  by  a  pressure 

of  17  lbs.? 
y98.  What  is  the  effective  horse  powers  of  a  high  pressure  engine 
■^  in  which  the  piston  has  an  area  of  420  inches  and  makes  30 

strokes  per  minute,  the  boiler  evaporating  |  of  a  cubic 
foot  of  water  per  minute  under  a  pressure  of  60  lbs.  to  the 
square  inch  ? 
^9.  A  train  drawn  by  a  locomotive  of  100  H.  P.  moves  along 
■"  an  incline  of  i  in  100  with  a  uniform  velocity  of  25  miles 

per  hour ;  taking  friction  as  usual  and  neglecting  atmos- 
pheric resistance,  what  is  the  weight  of  the  train? 
Ist.  If  it  is  ascending  the  incline? 
2nd.  If  it  is  descending  the  incline  ? 
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'^  1.  A  railway  train  weighing  110  tons  is  drawn  alon^an  incline 
of  ^  in  100  with  a  uniform  velocity  of  42  mile/ per  hour; 
taking  friction  as  usual  and  atmospheric  resi/tance  equal 
to  20  lbs.  when  the  train  is  moving  at  the  rj^e  of  7  milea 
per  hour,  what  are  the  horse  powers  of  the«)comotive  ? 

1st.  If  the  train  is  ascending  the  gradient? 

2nd.  If  the  train  is  descending  the  gradient? 

J^  2.  Enunciate  the  principle  of  virtual  velocities  and  calculate 
through  how  many  feet  a  weight  of  897  lbs.  will  be  carried 
by  a  power  of  11"7  lbs.  moving  through  123  feet?  * 

J,  A.?  ^^' 
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1  3.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are  3\ 
and  3^  inches  ;  the  radius  of  the  wheel  is  42  inches,  what 
power  will  sustain  a  weight  of  444-4  lbs.?  p^  /t^x  {  ^_ 

Jl> 

4.  Describe  the  barometer  and  explain  the  principles  on  which 

it  acts. 

V  5.  What  is  the  weight  of  a  log  of  boxwood  (spec.  grav.  1-320) 

17  feet  long,  1  foot  9  inches  wide,  and  2  feet  3  inches 
thick? 

Y  6.  The  upright  gate  of  a  canal  is  12  feet  wide  and  16  feet  deep, 

the  water  being  on  one  side  only  and  level  with  the  top; 

required  the  pressure  : — 
1st.  On  the  whole  gate  ; 

2nd.  On  the  lowest  five-eighths  of  the  gate  ;  and 
3rd.  On  the  middle  seventh  of  the  gate. 

7.  Give  the  composition  of  atmospheric  air  and  state  what  are 
the  chief  sources  of  the  carbonic  acid. 

1^  8.  The  piston  of  a  high  pressure  engine  has  an  area  of  400 
inches  and  makes  12  strokes  of  6  feet  each  per  minute,  the 
pressure  of  the  steam  on  the  boiler  is  64  lbs.  per  square 
inch ;  how  many  tons  of  coal  per  hour  will  this  engine 
raise  from  a  mine  whose  depth  is  240  feet? 

\  9.  Distinguish  between  the  essential  and  the  accessory  properties 
of  matter  and  enumerate  the  former. 

10.  An  upright  vessel  17  feet  in  height  is  filled  with  water  and 
holds  just  200  gallons;  in  what  time  will  it  empty  itself 
through  an  aperture  in  the  bottom  two  fifths  of  an  inch 
in  area? 


II. 

1.  A  cannon  ball  is  fired  vertically  with  an  initial  velocity  of 

800  feet  per  second  ;  required — 
1st.  How  far  it  will  ascend. 

2nd.  In  what  space  of  time  it  will  again  reach  the  ground. 
3rd.  Where  it  will  be  at  the  end  of  the  31st  second. 
4th.  Its  terminal  velocity. 
5th.  In  what  other  moment  of  its  flight  it  will  have  the  same 

velocity  as  at  the  close  of  the  13th  second. 

2.  Enumerate  the  different  kinds  of  attraction,  define  what  is 

meant  by  the  attraction  of  gravity  and  state  by  what  law 
its  intensity  varies. 

3.  A  piece  of  stone  weighs  73  grains  in  air  and  only  35  grains 

ia  water ;  required  its  specific  gravity. 
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4.  In  a  Hydrostatic  Press  the  areas  of  the  cylinders  are  to  one 

another  as  1347:2,  the  force  pump  is  worked  by  means  of 
a  lerer  whose  arms  are  to  one  another  as  23:2,  the  power 
applied  is  120  lbs. ;  required  the  upward  pressure  exerted 
against  the  piston  in  the  larger  cylinder. 

5.  In  a  lever  the  power  arm  is  7  feet  long,  the  arm  of  the 

weight  is  5  inches,  the  power  is  11  lbs.;  required  the 
weight. 

6.  Enunciate   the  principle  of  the  parallelogram  of  forces  and 

explain  how  it  is  that  a  force  may  be  more  advantageously 
represented  by  a  line  of  given  length  than  by  saying  it  is 
equal  to  a  given  number  of  lbs.,  &c. 

Y.  Name  the  different  kinds  of  upright  water  wheels,  explain 
the  difference  between  them  and  give  the  rule  for  finding 
the  horse  powers  of  a  water  wheel. 

8.  If  a  closed  empty  vessel  be  sunk  in  water  to  the  depth  of 

143  feet  before  it  breaks,  what  was  the  extreme  pressure 
to  the  square  inch  it  was  capable  of  sustaining? 

9.  Describe  what  is  meant  by  the  vena  contracta  of  escaping 

fluids,  indicate  its  position  with  reference  to  the  orifice  of 
escape,  and  give  the  proportion  between  the  area  of  the 
aperture  and  the  sectional  area  of  the  vena  contracta. 

10.  An  engine  of  50  horse  powers  draws  a  train  weighing  60  tons 
up  an  incline  of  |  in  100  with  a  uniform  velocity  of  20 
miles  per  hour ;  taking  atmospheric  resistance  as  usual, 
what  is  the  friction  per  ton  ? 


III. 

1.  By  means  of  a  lever  a  certain  number  of  lbs.  Troy  attached 

to  the  arm  of  the  weight  balances  the  same  number  of 
ounces  Avoirdupois  attached  to  the  arm  of  the  power  ; 
required  the  ratio  between  the  arms  of  the  lever,  a  pound 
Troy  being  to  a  pound  Avoirdupois  as  5760:  7000. 

2.  Enunciate   Torricelli's  theorem  and  calcalate  the  velocity 

with  which  a  liquid  spouts  from  a  small  orifice  in  the  side 
of  a  vessel  when  the  level  of  the  fluid  is  24  feet  above  the 
centre  of  the  orifice. 

3.  In  a  Hydrostatic  Bellows  the  sectional  area  of  the  tube  is 

three-sevenths  of  an  inch  and  it  contains  12  lbs.  of  water, 
the  area  of  the  board  of  the  bellows  is  3-7  square  feet; 
what  is  the  upward  pressure  exerted  against  the  board  of 
the  bellows  ? 
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4.  Through  how  many  feet  will  a  body  fall  during  the  2l9t 

second  of  its  descent? 

5.  Define  what  is  meant  by  specific  gravity  :  Give  the  rule  for 

calculating  the  specific  gravity  of  a  solid  not  sufficiently 
heavy  to  sink  in  water  and  calculate  the  specific  gravity 
of  cork  from  the  following  data  : — 
A  piece  of  cork  which  weighs  20  oz.  in  air  has  attached  to 
it  an  iron  sinker  which  weighs  18  oz.  in  air  and  only 
15-T3  oz.  in  water  ;  the  united  mass  weighs  1  oz.  in 
water,  reqaired  the  specific  gravity  of  the  cork. 

6.  What  weight  would  be  carried  through  a  space  of  7  feet  by 

a  power  of  5  lbs.  moving  through  40  feet? 

7.  Define  what  is  meant  by  the  centre  of  gravity  of  a  body  and 

explain  how  it  may  be  experimentally  determined  in  a 
solid. 

8.  How  many  tons  of  coal  per  day  of  ten  hours  may  be  raised 

from  a  mine  of  GGO  feet  in  depth  by  a  low  pressure  engine 
having  a  piston  which  has  an  area  of  500  inches,  and 
makes  20  strokes  of  11  feet  each  per  minute,  the  gross 
pressure  of  the  steam  on  the  boiler  being  37  lbs.  per 
square  inch? 

9.  The  power  arm  of  a  lever  is  32  times  as  long  as  the  arm  of 

the  weight,  the  power  is  97  oz. ;  required  the  weight. 

10.  A  city  is  supplied  with  water  through  a  pipe  8  inches  in 
diameter  and  1  mile  in  length,  leading  to  a  reservoir  whose 
height  is  140  feet  above  the  remote  end  of  the  pipe  ;  what 
will  be  the  velocity  of  the  water  per  second  and  how 
much  will  be  discharged  in  one  hour  ? 


IV. 

1.  Enunciate  the  law  of  decrease  in  the  pressure  and  density  of 

the  air  as  we  ascend  into  the  higher  regions  of  the 
atmosphere. 

2.  In  a  Hydrostatic  Press  the  sectional  areas   of  the  cylinders 

are  to  one  another  as  943:2,  the  force  pump  is  werked  by 
nofans  of  a  lever  whose  arms  are  to  one  another  as  19:3  ; 
if  the  power  applied  be  87  lbs.,  what  is  the  upward  pres- 
sure exerted  against  the  piston  in  the  larger  cf  Under  ? 

3.  The  power  arm  of  a  lever  is  9  feet  long,  the  arm  of  the  weight 

is  17  feet  long  and  the  weight  is  6^  lbs.;  required  the 
power. 
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4.  Explain  when  a  body  is  said  to  be  in  a  condition  of  stable, 

unstable,  or  indifferent  equilibrium. 

5.  A  train  weighing  90  tons  is  drawn  along  an  incline  of  2  in 

900  with  a  uniform  velocity  of  30  miles  per  hour  ;  taking 
friction  and  atmospheric  resistance  as  usual,  what  are' the 
horse  powers  of  the  locomotive  : — 

1st.  If  the  train  is  ascending  the  gradient? 

2nd.  If  the  train  is  descending  the  gradient? 

6.  A  stone  is  dropt  into  a  mine  and  is  heard  to  strike  the  bot- 

tom in  11 5  seconds;  required  the  depth  of  the  mine,  if 
sound  travels  at  the  rate  of  IO663  feet  per  second. 

7.  State  the  condition  of  equilibrium  in  the  differential  wheel 

and  axle. 

8.  What  is  the  weight  of  the  sulphuric  acid  (specific  gravity 

1'84I)  contained  in  a  rectangular  vat  7  feet  4  inches  long, 
2  feet  5  inches  deep,  and  3  feet  7  inches  wide? 

9.  At  the  top  of  a  mountain  a  barometer  indicates  a  pressure  of 

21  inches  while  at  the  base  the  pressure  is  29'78  inches — 
the  temperature  at  the  top  is  40-70°  Fahr.  and  that  at  the 
base  is  70-70°  Fahr. ;  required  the  height  of  the  mountain. 

10.  A  high  pressure  steam  engine  raises  200  cubic  feet  of  water 
per  minute  from  a  depth  of  80  feet ,  the  piston  has  an  area 
of  800  inches  and  makes  10  strokes  per  minute  of  8  feet 
each,  what  is  the  pressure  of  the  steam  on  the  boiler? 


V. 

1.  The  flood  gate  of  a  canal  is  10  feet  long  and  7  feet  deep,  the 

water  being  on  one  side  and  level  with  the  top  ;  what  is 

the  pressure : — 
1st.  On  the  whole  gate  ? 
2nd.  On  the  lowest  two-sevenths  of  the  gate? 
3rd.  On  the  middle  three-sevenths  of  the  gate  ? 
4th.  On  the  lowest  one-ninth  of  the  gate  ? 

2.  In  a  compound  lever  the  arras  of  the  power  are  6,  7,  and  11 

feet,  the  arms  of  the  weight  are  2,  3,  and  5  feet ;  by  means 
of  this  combination  what  power  will  sustain  a  weight  of 
1000  lbs.  ? 

3.  Enunciate  Mariotte's  law  and  ascertain  what  will  be   the 

density,  volume,  and  elasticity  of  that  amount  of  atmos- 
pheric air,  which,  under  ordinary  circumstances,  i.  e.,  at 
the  level  of  the  sea  or  under  a  pressure  of  15  lbs.  to  the 
square  inch,  fills  a  gallon  measure,  if  it  be  placed  in  a 
piston  aud  subjected  to  a  pressure  of  60  lbs.  to  the  sq.  inch. 
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4.  What  power  moving  through  29  feet  Tvill  carry  a  weight  of 

1  lbs.  through  70  feet? 

5.  An  engine  of  12  horse  powers  gives  motion  to  a  forge  ham- 

mer which  weighs  400  lbs.  and  makes  40  lifts  of  3  feet 
each  per  minute  and  at  the  same  time  pumps  water  from 
a  mine  100  feet  deep  ;  required  ihe  number  of  cubic  feet  of 
water  it  pumps  per  hour  from  the  mine. 

6.  On  an  inclined  plane  a  power  of  341  lbs.  acting  parallel  to 

the  base  sustains  a  weight  of  27900  lbs  ;  Avhat  must  be  the 
length  of  the  base  in  order  that  the  height  may  be  11  feet  ? 

7.  Enunciate  the  three  laws  of  motion  commonly  known  as 

Newton's  laWs,  and  state  to  whom  they  respectively 
belong. 

8.  A  piece  of  sulphur  weighs  19  oz.  in  air  and  10  oz.  in  water; 

required  its  specific  gravity. 

9.  A  ball   is  thrown  up  an  incline  of  11  in  16  with  an  initial 

velocity  of  1 100  feet  per  second  ;  required — 
1st.  To  what  height  it  will  rise, 

2nd.  Where  it  will  be  at  the  end  of  the  20th  second. 
3rd.  In  what  lime  it  will  again  reach  the  ground. 
4th.  Its  terminal  velocity. 
5th.  In  what  other  moment  of  its  flight  it  will  have  the  same 

velocity  as  at  the  end  of  the  I7th  second  of  its  ascent. 

10.  Required  the  pressure  exerted  against  a  mill-dam  170  feet 
long  and  16  feet  wide,  the  perpendicular  depth  of  the 
water  being  12  feet. 


VI. 


1.  When  the  barometer  indicates  a  pressure  30  inches  at  the 

surface  of  the  earth  it  is  observed  to  indicate  a  pressure 
of  only  13-5  inches  in  a  balloon  ;  required  the  approximate 
height  of  the  balloon. 

2.  Give  the  chief  laws  connected  with  the  motion  of  projectiles. 

1st.  When  they  are  fired  vertically,  and 

2nd.  When  they  are  fired  at  an  angle  of  elevation. 

3.  Through  how  many  feet  will  a  body  fall  in  39  seconds  ? 

4.  What  are  the  horse  powers  of  a  low  pressure  engine  in  which 

the  piston  has  an  area  of  360  inches  and  makes  11  strokes 
of  9  feet  each  per  minute,  the  gross  pressure  of  the  steam 
on  the  boiler  being  53  lbs.  to  the  square  inch? 

5.  What  must  be  the  area  of  the  aperture  in  the  side  of  a  vessel 
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kept  filled  with  water  to  a  height  of  20  feet  above  the 
centre  of  the  orifice  in  order  that  15  cubic  feet  of  water 
may  be  discharged  in  one  hour  ? 

6.  Describe  Bramah's  Hydrostatic  Press  and  explain  upon  what 

principle  in  philosophy  its  action  depends. 

7.  A  piece  of  wood  which  weighs  19  oz.  has  attached  to  it  a 

metal  sinker  which  weighs  27  oz.  in  air  and  22-7  oz.  in 
water — the  united  mass  weighs  11  oz.  in  water;  required 
the  specific  gravity  of  the  wood. 

8.  In  a  compound  lerer  the  arms  of  the  power  are  7,  8,  9,  and 

10  feet,  the  arms  of  the  weight  are  2,  3,  4,  and  1  feet,  the 
power  is  19  lbs. ;  what  is  the  weight? 

9.  Explain  the  difierence  between  the  common  and  the  forcing 

pump,  and  also  state  why  the  former  is  sometimes  called 
the  lifting  pump. 

10.  A  train  weighing  80  tons  is  moving  at  the  rate  of  30  feet  per 
second ;  when  the  steam  is  turned  off,  how  far  will  it 
ascend  an  incline  of  3  in  1000,  taking  friction  as  usual  and 
neglecting  atmospheric  resistance  ? 


VII. 


1 .  What  amount  of  pressure  is  exerted  against  one  square  yard 

of  an  embankment,  the  upper  edge  of  the  square  yard 
being  16  ft.  3  in.  and  the  lower  edge  19  ft.  9  in.  below  the 
surface  of  the  water  ? 

2.  How  much  must  the  pendulum  of  a  clock  which  gains  1 

minute  in  an  hour  be  shortened  in  order  that  it  may  keep 
correct  time  ? 

3.  Describe  the  syphon  and  give  the  theory  of  its  action. 

4.  In  a  system  of  eleven  movable  pulleys  worked  by  a  single 

cord  what  weight  will  a  power  of  27  lbs.  sustain  ? 

5.  In  a  Hydrostatic  Press  the  large  cylinder  has  a  sectional  area 

of  6^  feet,  the  smaller  cylinder  a  sectional  area  of  2\ 
inches,  the  force  pump  is  worked  by  means  of  a  lever 
whose  arms  are  to  one  another  as  19:  IJ  ;  now  if  a  power 
of  100  lbs.  be  applied  to  the  extremity  of  the  lever  what 
upward  pressure  will  be  exerted  against  the  piston  in  the 
larger  cylinder  ? 

6.  Describe  the  differential  screw,  and  give  the  conditions  of 

equilibrium  between  the  power  and  weight  in  the  common 
screw. 
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1.  To  what  depth  may  an  empty  glass  vessel  capable  of  sus- 
taining a  pressure  of  197  lbs.  to  the  square  inch  be  sunk 
in  water  before  it  breaks  ? 

8.  In  a  system  of  pulleys  consisting  of  eight  movable  pulleys 

worked  by  eight  cords,  the  upper  end  of  each  fastened  to 
the  beam,  the  power  is  1i  lbs.,  what  is  the  weight  ? 

9.  How  many  gallons  of  water  per  hour  will  an  engine  of  1 

horse  powers  pump  from  a. mine  G7  feet  in  depth,  making 
the  usual  allowance  for  the  modulus  of  the  pump  ? 

10.  The  piston  of  a  low  pressure  engine  has  an  area  of  400  inches 
and  makes  20  strokes,  each  8  feet  in  length,  per  minute,  the 
boiler  evaporates  "YSl  of  a  cubic  foot  of  water  per  minute, 
what  are  the  useful  horse  poAvers  of  the  engine  ? 


VII  ff. 

1.  Explain  the  diflerence  between  the  simple  and  compound 

pendulum — also  what  is  meant  by  the  "  centre  of  oscil- 
lation" and  by  the  "  centre  of  percussion." 

2.  What  velocity  will  a  heavy  body  falling  freely  in  the  latitude 

of  London  acquire  in  one  entire  second,  the  London 
second's  pendulum  being  39'13  inches  long? 

3.  In  a  Hydrostatic  Bellows  the  tube  is  filled  with  water  to  the 

height  of  13^  feet ;  what  upward  pressure  is  exerted 
against  the  board  of  the  bellows  if  the  area  of  the  latter  be 
3  ,\  feet  ? 

4.  In  a  differential  screw  the  exterior  screw  has  a  pitch  of -i\  of 

an  inch,  the  interior  screw  a  pitch  of  -^  of  an  inch,  the 
power  lever  is  50  inches  long ;  what  pressure  will  be 
exerted  by  a  power  of  130  lbs.  ? 

5.  A  train  weighing  100  tons  moves  up  a  gradient  having  an 

inclination  of  f  in  100  with  a  uniform  speed  of  20  miles 
per  hour ;  taking  friction  and  atmospheric  resistance  as 
usual,  what  are  the  horse  powers  of  the  locomotive  ? 

6.  When  a  body  has  fallen  through  2500  feet  what  velocity  has 

it  acquired  ? 

7.  Expla'n  what  is  meant  by  gaseous  diffusion  and  show  the 

important  influence  it  has  in  maintaining  the  composition 
of  atmospheric  air  constant  at  all  places. 

8 .  In  a  common  wheel  and  axle  the  radius  of  the  axle  is  11  inches 

and  the  radius  of  the  wheel  47  in.  :  what  power  will,  with 
this  machine,  sustain  a  weight  of  793  lbs.  ? 
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9.  A  flood  gate  is  22  feet  wide  and  20  feet  deep,  the  water  being 
on  one  side  only  and  level  with  the  top  ;  required  the 
pressure — 

l3t.  Against  the  whole  gate. 

2nd.  Against  the  lowest  ihree-sevenths. 

3rd.   Against  the  upper  four-ninths. 

4th.  Against  the  middle  three-elevenths. 

5ih.  Against  the  lowest  three-lifths. 

10.  Give  the  different  rules  for  finding  the  specific  gravity  of 
liquids. 

IX. 

1.  In  a  differential  wheel  and  axle  the  radii  of  the  axles  are  2? 

and  2-,3j-  inches,  the  radius  of  the  wheel  is  90  inches  ;  what 
weight  will  be  sustained  by  a  power  of  7  lbs.  ? 

2.  The  tube  of  a  Hydrostatic  Bellows  is  filled  with  water  to  the 

height  of  50  feet;  if  the  board  of  the  bellows  has  an  area 
of  6g  feet,  what  upward  pressure  is  exerted  against  it? 

3.  How  many  vibrations  per  minute  will  a  pendulum  9  yax-ds 

long  make  ? 

4.  Give  the  principal  laws  of  the  descent  of  bodies  on  inclined 

planes. 

5.  A  body  has  fallen  through  3600  feet  when  another  body 

begins  to  fall  at  a  point  4000  feet  beneath  it ;  through 
what  space  will  the  latter  body  fall  before  the  first  over- 
takes it? 

6.  The  piston  of  a  steam  engine  has  an  area  of  440  inches  and 
■*"       makes  11  strokes  per  minute,  each  9-,^  feet  in  length, 

the  boiler  evaporates  -9  of  a  cubic  foot  of  water  per 
minute ;  what  is  the  volume  of  the  steam  produced  per 
minute  and  what  is  the  pressure  under  which  it  is  gene- 
rated ? 

7.  Give  the  most  important  consequences  that  result  from  the 

fact  that  each  atom  of  a  liquid  is  separately  drawn  towards 
the  centre  of  the  earth  by  the  force  of  gravity.  ' 

8.  "What  gross  load  will  a  horse  exerting  a  traction  of  74  lbs. 

dratv  on  a  road  whose  coefficient  of  friction  is  -^^^  ? 

9.  What  are  the  conditions  of  equilibrium  between  the  power 

and  weight  in  the  inclined  plane? 

JO.  Through  how  many  feet  must  a  body  fall  in  order  to  acquire 
a  velocity  of  250  feet  per  second  ? 
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ANSWERS  AND  REFERENCES  TO  EXAMINATION 
PAPERS. 

I.  J  i-y^ 

6.  96000  lbs.,  82500  lbs.,  and 
137l4f  lbs. 

7.  Art.  205. 

8.  151-2  tons. 

9.  Arts.  9,  19,  and  10. 
10.  125  Ions  or  750  tons. 


1.  H.  P.  =  290-08  or  43-68. 

2.  Art.  66. 

3.  -1679  lbs. 

4.  Arts.  227,229. 

5.  5522-34375  lbs. 


II. 

1. 

H.P  =  161-28  or  38-08. 

6. 

Art.  44. 

2 

Arts.  25,  27. 

7. 

Art.  205. 

3. 

1-921. 

8. 

62-05  lbs. 

4. 

929430  lbs. 

9. 

Arts.  9,  19,  and  10, 

5. 

184^  lbs. 

10. 

8-025  lbs.  per  ton. 

III. 

1. 

Power  arm  \'Z-^fs  times  as 

6. 

28*  lbs. 

great   as   the   arm   of  the 

7. 

Arts.  57,58, 

weight. 

8. 

1400. 

2. 

Arts.  25,  26,  and  27. 

9. 

194  lbs. 

3. 

14918-4  lbs. 

10. 

Velocity  =  6-366  feet  per 

4. 

688  feet. 

second. 

5. 

Arts.  192,  195,  and  -57584. 

Quantity  —  7962-071  cubic 

feet  per  hour. 

IV. 

1. 

Art.  212. 

6. 

1600  feet. 

2. 

259796^  lbs. 

7. 

Art.  88. 

3. 

12iV. 

8. 

730700144  lbs. 

4. 

Art.  62. 

9. 

9721-2  feet. 

5. 

H.P.  =  176-26  or  69-6. 

10. 

331?  to  the  square  inch. 

V. 


153121  lbs.,  75001bs.,6562J 

lbs.,  and  32131^1  lbs. 

64M  lbs. 

Art.  219,  density  4  times  as 

great,    volume    1   qt.    and 

elasticity  60  lbs.  to  the  sq. 

inch. 

16|§  lbs, 

33404^  cubic  feet. 


6.  900  feet. 

7.  Arts.  255,  256,  257. 

8.  2-111. 

0.  27500  feet. 

At  elevation  of  17600  feet. 

100  seconds. 

1100  feet  per  second. 

At  the  end  of  the  33rd  sec. 

1020000  lbs. 


10. 

12 
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VI. 


1.  19724  feet. 

6. 

Arts.  183  and  182,  Note. 

2.  Art.  282. 

7. 

•618. 

3.  24336  feet. 

8. 

3990  lbs. 

4.  45-36  H.  P. 

9. 

Arts.  233  and  234. 

5.  -j^/g-  of  an  inch. 

10. 

2163-4  feet. 

VII. 

1    104061  lbs. 

6. 

Arts.  129,  126.- 

2.   1-303  inches. 

7. 

454  feet. 

3    Art.  235. 

8, 

1920  lbs. 

4    594  lbs. 

9. 

137914  gallons. 

5.  526933J  lbs. 

10. 

H.  P.  =  67-87. 

VI 

II. 

1.  Arts.  301,302,  and  308. 

8. 

ISSjflbs. 

2.  386-17  inches. 

9. 

275000  lbs. 

3.  3022-68672. 

185204A-  lbs. 

4.   14660165-6  lbs. 

54320ff  lbs. 

5.   133-262. 

75000  lbs. 

6.  400  feet  per  second. 

231000  lbs. 

,7.  Art.  206. 

10. 

Art.  196. 

i: 

£ 

1.  8085  lbs. 

6. 

Volume  =  339-5  cub.  feet 

2.  21479-04  lbs. 

Pressure  =  85  lbs.  the  sq 

3.  20-8 

7. 

Art.  175.                     [inch 

4.  Art.  270. 

8. 

1776  lbs. 

5.  midfeet. 

9 

Art.  116. 

10. 

976-iV  feet. 
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QUESTIONS  TO  BE  ANSWEBED  ORALLY  BY  THE  PUPIL. 

Note. — The  numbers  foUotoing  the  questions  refer  to  the  articles  in 
the  work  ivhere  the  answers  may  be  found. 

1.  What  is  Natural  Scionce?  (1) 

2.  Into  what  classes  aro  all  natural  objects  divided  and  how  are  these 

distiiiKuishcd  from  each  other?  (2) 

3.  How  are  animals  distinguished  from  vegetables?  (3) 

4.  ^Vhat  is  Zoolopy  ?  (4) 

5.  What  is  Botany?  (4) 

6.  Wliat  is  Mineralof<.y  ?  (4) 

7.  What  is  Astronomy  ?  (4) 

8.  WhatisGcolopv?  (4) 

9.  What  is  Cheinistry?  (4) 

10.  Wliat  is  the  object  of  Natural  Philosophy?  (4) 

11.  AVhat  are  the  subdivisions  of  Natural  Philosophy  ?  (5) 

12.  In  what  separate  forms  docs  matter  exist?  (6) 

13.  Dcliue  what  is  meant  by  the  essential  properties  of  matter.  (9) 

14.  Eniunerate  the  essential  properties  of  matter.  (10) 

15.  What  is  extension  ?  (11) 

16.  What  is  impenetrability?    Give  some  illustrations.  (12) 

17.  What  is  divisibility  ?  (13) 

18.  Does  the  property  of  divisibility  belong  to  masses  or  to  particles  of 

matter  or  to  both  ?  (13) 

19.  Give  some  illustrations  ofthe  extreme  divisibility  of  matter?  (13,Note) 

20.  What  is  Indestructibility?  (14) 

21.  What  is  Porosity?  (15) 

22.  What  is  Compressibility?  (16) 
ZS.Whatis  Inertia?  (17) 

24.  If  bodies  cannot  bring  themselves  to  a  state  of  rest,  how  i.s  it  tliat  all 

bodies  moving  upon  the  earth  soon  come  to  rest?  (17,  Note) 

25.  What  is  elasticity  ?  ( 1 8 ) 

26.  Name  the  dilfercnt  kinds  of  elasticity  as  applied  to  solids.  (18,  Note) 

27.  What  are  the  accessory  properties  of  matter?  (19) 

28.  Enumerate  some  of  the  most  important  of  the  accessory  properties  of 

matter.  (20) 

29.  What  is  malleability  ?  Which  arc  themostmalleableofthemetals?  (21) 

30.  What  is  ductility?    Name  the  most  ductile  metals.  (22) 
81.  What  is  tenacity?  (23) 

32.  What  is  attraction?  (24) 

33.  Enumerate  the  dilfercnt  kinds  of  attraction.  (25) 

34.  What  is  the  attraction  of  gravity  ?  (2(5) 

85.  What  is  the  law  of  variation  in  the  intensity  of  gravity  ?  (27) 

36.  Explain  what  is  meant  by  saying  the  force  of  gravity  varies  inversely 

as  the  square  of  tlie  distance.  (28) 

37.  What  is  the  attraction  o<"  cohesion  ?  (29) 

38.  What  is  the  attraction  of  adhesion  ?  (30) 

39.  WHiat  is  capillary  attraction  ?    Give  some  examples,  (31) 

40.  What  is  electrical  attraction  ?  (32) 

41 .  What  is  magnetic  attraction  ?  (33) 

42.  What  is  chemical  attraction?  (34) 

43.  What  is  the  derivation  of  the  word  Statics?  (36) 

44.  What  is  the  object  of  the  science  of  Statics?  (36) 

45.  What  is  the  derivation  of  the  word  Ui/drostatics?  (36) 

46.  What  is  the  object  of  the  science  of  Hydrostatics  ?  (36) 

47.  What  is  the  derivation  of  the  word  Dynamics?  (36) 

48.  What  is  the  object  of  the  science  of  Dynamics  ?  (36) 

49.  What  is  the  derivation  of  the  word  Jindrodimawics?  (RC) 

50.  What  is  the  object  of  the  science  of  Hydrodyn.amics?  (36) 

51.  What  is  the  derivation  of  the  word  Pneumatics  ?  (36) 

52.  What  is  the  object  of  the  science  of  Pneumatics  ?  (36) 
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53.  When  is  a  body  said  to  be  in  equilibrium  ?  (31) 

54.  What  are  statical  forces  or  pressures  ?  (38) 

55.  What  are  the  elements  of  a  force?  (39) 

56.  What  are  the  different  modes  of  representing  a  fore  ?  (40) 

57.  When  several  forces  act  upon  the  same  point  of  a  body,  how  many 

motions  can  they  give  it  ?  (41 ) 

58.  Distinguisli  between  component  ?ind  resultant  forces.  (42) 

59.  If  several  forces  act  upon  a  point  in  the  same  straight  line  and  in  tlio 

same  direction,  to  what  is  their  resultant  equal  V  (43) 

60.  When  several  forces  act  upon  a  point  in  the  same  straight  line  but  in 

opposite  directions,  to  what  is  their  resultant  equal?  (43) 

61.  Enunciate  the  principle  of  the  parallelogram  of  forces  (44) 

62.  When  several  forces  act  on  a  point  iu  any  direction  whatever,  state 

how  the  resultant  may  be  found.  (45) 

63.  What  is  the  distinction  b'>twcen  the  parallelogram  of  forces  and  the 

parallelopiped  of  forces?  (4(5) 
fil.  What  is  the  resulta\it  of  two  parallel  forces  which  act  on  different 

points  of  a  body  but  in  the  same  direction?  (47) 
65.  What  is  the  resultant  of  two  parallel  forces  which  act  on  different 

points  of  a  body  and  in  different  directions  ?  (48) 
6S.  How  do  we  find  the  resultant  of  any  number  of  parallel  forces?  (49) 
Cj7.  What  is  a  couple!  (50) 
6S,  Distinguish  between  the  composition  of  forces  and  the  resolution  of 

forces.  (54) 
■59.  What  is  the  centre  of  gravity  of  a  body  ?  (57) 

70.  Why  is  the  centre  of  gravity  called  also  the  centre  of  parallel  forces  ?  (55) 

71.  How  may  the  centre  of  gravity  of  a  solid  body  be  experimentally 

determined  ?  (58) 
V2.  If  a  body  be  free  to  move  in  any  direction,  how  will  it  finally  rest  with 
reference  to  its  centre  of  gravity  ?  (60) 

73.  How  is  the  stability  of  a  body  estimated  ?  (61) 

74.  When  is  a  body  said  to  be  in  a  condition  of  stable,  unstable,  or  in- 

different equilibrium  ?  (G2) 

75.  How  may  the  centre  of  gravity  of  two  separate  bodies  be  found  ?  (63) 

■76.  What  is  the  object  of  all  mechanical  contrivances?  (64) 

77.  By  what  law  or  princiide  in  philosophy  is  the  relative  gain  or  loss  of 

power  and  velocity  in  a  machine  determined?  (65) 

78.  Enunciate  the  principle  of  virtual  velocities?  (66) 

79.  What  is  a  machine?  (fi7) 

80.  How   many  mechanical   elements   enter  into  the  composition  of 

machinery?  (68) 

81.  Name  the  primary  mechanicjil  elements.  (68) 

82.  Name  the  secondary  mechanical  elements.  (68) 

S3.  From  what  mechanical  element  is  the  wheel  and  axle  formed  ?  (69) 

84.  Of  what  mechanical  element  are  the  wedge  and  screw  modifica- 

tions? (69) 

85.  How  are  level's,  cords,  &c.,  regarded  in  theoretical  mechanics?  (70) 

86.  What  is  a  lever?  (71) 

87.  Of  how  many  kinds  are  levers?  (72) 

88.  Of  simple  stnaight  levers  liow  many  kinds  are  there?  (73) 

89.  Upon  what  does  the  distinction  between  the  three  kinds  of  levers 

depend  ?  (73) 

90.  Give  examples  of  levers  of  the  first  class.  (74) 

91.  How  are  the  fulcrum,  power,  and  weight  placed  in  levers  of  the  first 

class?  (75) 

92.  How  are  the  fulcrum,  power,  and  weight  placed  in  levers  of  the  second 

class?  (75) 

93.  Give  some  examples  of  levers  of  the  second  class.  (75) 

91.  How  are  the  fulcrum,  power,  and  weight  placed  in  levers  of  the  third 
class?  (76) 

95.  Give  some  examples  of  levers  of  the  third  class?  (76) 

96.  In  levers  of  the  first  class,  which  must  be  greatest,  the  power  or  th« 

weight  ?  (76,  Note) 
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D7.  In  lovors  of  the  second  class,  which  must  be  greatest,  the  power  or  the 
weipht  ?  (7«,  Note) 

98.  In  l(;vcrs  of  the  tliird  class,  which  must  be  the  greatest,  the  power  or 

the  weight?  (7(!,  Note) 

99.  Wliat  is  tlie  arm  of  the  .weisht  ?    What  is  the  arm  of  the  power  ?  (77) 

100.  What  are  the  conditions  of  equilibrium  between  the  power  and  the 

wc^ight  in  the  lever?  (77) 

101.  Deduce  formulas  for  lindinc;  the  power,  the  weiirht,  the  arm  of  the 

power  or  the  arm  of  the  wcieht  when  the  (^tlier  three  are  friven.  (77) 

102.  When  the  arms  of  the  lever  are  curved  or  bent,  how  must  their  effective 

leuRths  be  determined  P  (79) 

103.  What  is  a  compound  lever  or  composition  of  levers?  (80) 

104.  Deduce  rules  for  finding  the  power  or  the  weight  in  a  compound 

lever.  (HI) 


105.  Describe  the  wheel  and  axle.  (S2) 

ion.  Why  is  the  wheel  and  axle  sometimes  called  a  perpetva?  lever?  (84.) 

107.  What  are  the  conditions  of  efiuilibriuni  in  the  wheel  and  axle?  (85) 

108.  Deduce  a  set  of  rules  for  finding  tlu;  jiower,  the  weight,  the  radius  of 

the  axle  or  the  radius  of  the  wlieel  when  the  other  three  are  given.  (86J 

109.  Describe  the  differential  wlicel  and  axle?  (87) 

110.  To  what  is  it,  in  effect,  equivalent?  (87) 

111.  Deduce  a  set  of  rules  for  the  dilleroiitial  wheel  and  axle. 

112.  In  toothed  gear  how  is  the  ratio  between  the  power  and  the  weight 

determined?  (89) 

113.  How  aw  axles  commonly  made  to  act  on  wheels?  (90) 

114.  Wlicn  is  wheel  work  used  to  conc(Mitrate  power  P    Give  an  example.  (92) 

115.  When  is  wheel  work  used  to  difl'use  power?    Give  an  example.  (92) 

116.  What  are  the  conditions  of  equilibrium  in  a  system  of  toothed  wheels 

and  pinions  ?  (9.51 

117.  What  is  a  pinion  7  what  are  leaves  ?  (91) 

118.  Deduce  formulas  for  finding  the  power  and  the  weight  in  a  system  of 

wheels  and  axles?  (iH) 

119.  Explain  what  is  meant  by  the  hinitinp  cog  ?  (95) 

120.  Name  the  different  kinds  of  wheels?  (96) 

121.  Explain  the  difference  between  crown,  spur,  and  bfvelhd  pear?  (97) 

122.  Explain  for  what  p\irpose  crown,  spur,  or  bevelled  gear  is  used?  (98) 

123.  When  bevelled  wheels  of  different  diameters  are  to  be  used  together, 

show  how  the  sections  of  the  cones  of  which  they  are  to  be  frusta  are 
found  ?  (99) 


124.  What  is  a  pulley  ?  (100) 

12a.  Show  that  from  the  pulley  itself  no  mechanical  advantage  is  derived  ? 
(101) 

126.  Wherein  consists  the  real  advantage  of  the  pulley  and  cord  as  a  me- 

chanical power?  (101) 

127.  When  is  a  pulley  said  to  be  fixed  ?  (102) 

128.  What  is  a  single  movable  pulley  called  ?  (103) 

129.  What  are  Spani.sh  Bartons  ?  (103) 

130.  Explain  the  meaning  of  the  words  sheaf,  hloclc,  and  iacldel  (104) 

131.  What  is  the  only  mechanical  advantage  derived  from  the  use  of  a  fixed 

pulley  ?  (105) 

132.  In  a  system  of  pulleys  worked  by  a  single  cord,  what  are  the  conditions 

of  equilibrium  ?  (100) 

133.  Deduce  a  set  of  rules  for  a  system  of  pulleys  worked  by  a  single  cord  ' 

(107) 

134.  What  are  the  conditions  of  equilibrium  in  a  Spanish  Barton  when  the 

separate  cords  are  attached  directly  to  the  beam  ?  (10s) 

135.  Wh:d  are  the  conditions  of  eqnilil)rium  when  the  separate  cords  aro 

attached  to  the  movable  pidleys?  (109) 

136.  Deduce  in  each  of  these  last  two  cases  a  set  of  rules  for  finding  the 
ratio  between  the  power  and  the  weight?  (110  and  111) 
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137.  If  tho  lines  of  direction  of  the  power  and  weight  malce  with  ono 

anotlier  an  angle  greater  than  12U'^,  what  is  the  relation  between  the 
power  and  the  weight?  (112) 

138.  In  theoretical  mechanics  how  is  the  inclined  plane  regarded  ?  (113) 

139.  What  are  the  modv's  of  indicating  the  inclination  of  the  >)lanc?  (114) 
14t).  In  the  inclined  plane  how  ma.v  the  power  be  applied?  (115) 

141.  What  are  tlie  conditions  of  cquilibrinm  in  the  inclined  plane?  (116) 

li2.  Peduce  a  set  of  rules  for  the  inclined  plane  ?  (117) 

113.  Whatis  the  wedge?  (U8) 

l+l.  How  is  the  wedge  worked  9  (119) 

lio.  Wliat  are  the  conditions  of  equihbriuin  in  the  wedge  when  it  is  worked 
by  pressure?  (120) 

143.  In  what  important  particular  does  the  wedge  differ  from  all  the  other 
mechanical  powers  ?  (120,  Note  1) 

147.  Give  some  examples  of  the  application  of  the  wedge  to  practical  pur- 
poses? (120,  Note  2) 

14S.  Deduce  a  set  of  rules  for  tlie  wedge  ?  (121) 


149.  Describe  the  screw  ?  (122) 

150.  How  is  the  screw  related  to  an  ordinary  inclined  plane  ?  (122,  Note.) 
1.51.  What  is  tlie  pitch  of  the  screw  ?  (123) 

152.  How  is  the  screw  commonly  worked  ?  (124  and  125) 

153.  Wliat  are  the  conditions  of  eqvxilibrium  in  the  screw?  (12f)) 

154.  How  may  the  eHicicricy  of  the  screw  as  a  mechanical  power  be  hicreas- 

ed?  (127) 

155.  Deduce  a  sot  of  rules  for  the  common  screw  ?  (128) 

156.  Hy  whom  was  the  differential  screw  invented  ?  (129) 

157.  Upon  what  principle  does  the  differential  screw  act  ?  (129) 
153.  To  what  is  tlie  differential  screw,  in  effect,  equivalent  ?  (129) 

159.  Deduce  a  set  of  rules  for  the  differential  screw  ?  (130) 

160.  Describe  the  endless  screw?  (131) 

161.  What  are  the  conditions  of  equilibrium  in  the  endless  screw  ?  (132) 
l(i2.  Deduce  a  set  of  rules  for  the  endless  screw  ?  (139) 

163.  How  does  friction  affect  the  relation  between  the  power  and  the 

weii^ht  in  tlie  mechanical  elements?  (135) 
104.  What  are  the  difi'orent  kinds  of  friction  ?  (136) 

165.  What  is  meant  liy  the  coefficient  of  fi'iction?  (137) 

166.  VVhat  is  the  eoeiiieieut  of  sliding  friction  ?  (13H) 

167.  What  is  the  coefficient  of  friction  on  railways  ?  (138) 

168.  What  is  the  coefficient  of  friction  on  good  macadamized  roads  ?  (138) 

169.  What  is  meant  by  the  force  of  traction  ?  (13s) 

170.  Enumerate  the  different  expedients  in  common  use  for  diminishing 

friction?  (139) 

171.  Give  Coulomb's  conclusions  as  regards  sliding  friction  ?  (139) 

172.  Give  Coulomb's  (Conclusions  as  regards  rolling  friction  P  (139) 

173.  Whatis  the  rn??;o//f-wA;. 7  (14(1) 

174.  How  .are  the  units  of  work  expended  in  raising  a  body  found  ?  (141) 

175.  What  arc  the  most  important  sources  of  laboring  forces?  (142) 

176.  How  Mi.any  units  of  work  are  there  in  one  horse  power?  (142) 

177.  What  is  meant  by  the  Table  in  Art.  142  ? 

178.  What  is  the  tr\ic  work  of  the  horse  per  minute?  (112,  Note) 

179.  In  moving  a  carriage  along  a  horizontal  plane.for  wiiat  purpose  is  work 

expended  ? 
ISO.  In  the  case  of  railway  trains  what  is  the  amount  of  friction?  (143) 
Ibl.  In  tlie  case  of  railway  trains  when  does  the  velocity  become  uniform  ? 

182.  Upon  what  docs  the  traction  or  force  with  which  an  animal  pulls  de- 

pend? (146) 

183.  At  what  rate  per  hour  must  a  horse  travel  to  do  most  work  ?  (146) 

184.  Upon  what  does  the  amount  of  atmospheric  resistance  experienced  by 

a  moving  body  depend  ?  (147) 
183.  Explain  what  is  meant  by  this  ?  (147) 
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186.  WTiat  is  the  amount  of  atmosphoric  resistance  experienced  by  a  train 

of  medium  length  moving  at  the  rate  of  10  miles  per  hour?  (118) 

187.  If  a  body  bo  moved  alons  a  surface  without  friction  or  atmospheric 

resistance,  how  may  the  units  of  work  performed  be  found  ?  (149) 
1S8.  When  a  train  is  moved  alonp  an  inclinca  plane,  how  is  the  work  per- 
formed by  the  locomotive  found  ?  (150) 

189.  Deduce  a  sot  of  formulas  for  (hiding  the  horse  power,  weight,  maximum 

speed,  &c.,  of  ti-ains  ?  (151 ) 

190.  What  is  meant  by  the  modulus  of  a  machine?  (152) 

191.  Of  machines  for  raising  water,  which  has  the  greatest  modulus  ?  (153) 

192.  How  is  the  work  performed  by  water  falling  from  a  height  found  ? 

(151) 
19.3.  How  is  steam  converted  Into  a  source  of  laboring  force?  (155) 

194.  Wliat  are  the  twt)  principle  varieties  of  the  steam  engine?  (15fl) 

195.  What  are  the  essential  ))arts  of  the  high  pressure  engine  ?  (157) 

196.  How  does  the  low  pressure  differ  frcnn  the  high  pressure  engine  ?  (158) 

197.  What  are  the  varieties  of  the  low  pressure  engine  ?  (159) 

198.  How  do  these  dilfer  from  each  other  ?  (1(50,  KU) 

199.  luthehigli  pressure  engine,  at  what  part  of  the  stroke  does  atmos- 

pheric pressure  act  against  the  piston  ?  (102) 

200.  Give  the  leading  ideas  that  enter  into  the  construction  of  the  steam 

engine?  (103) 

201.  In  what  respects  is  the  low  pressure  engine  preferable  to  the  non-con- 
v/      densing  engine  ?  (104) 

202.  How  are  the  units  of  work  performed  by  an  engine  found  ?  (105) 

203.  Knowing  the  pressure  of  the  steam  on  the  boiler,  how  do  wo  obtain  the 

useful  pressure  on  the  piston  ?  (100) 

204.  Give  the  rules  for  finding  the  H.  P.,  &c.,  of  engines?  (1C7) 

205.  What  is  the  real  source  of  work  in  the  steam  engine?  (108) 

206.  Wliy  is  it  most  advantageous  to  employ  steam  of  high  pressure  ?  (168) 

207.  Give  formulas  for  linding  the  area  of  the  piston,  length  of  stroke,  pres- 

sure, effective  evaporation,  &c.,  in  the  steam  engine  ?  (169) 

208.  Define  what  is  meant  by  njliiid  ?  (171 ) 

209.  How  is  the  term  fluid  commonly  applied  ?  (172) 

210.  Into  what  classes  are  fluids  divided  ?    Name  the  type  of  each.  (173) 

211.  To  what  extent  is  w.iter  compressible  ?    Alcohol?  (173,  Note) 

212.  How  do  liquids  chiefly  ditt'er  from  gases?  (174) 

213.  In  what  respects  do  liquids  chiefly  differ  from  solids  ?  (175) 

214.  Give  the  most  important  consequences  that  flow  from  this  fact?  (175) 

215.  How  would  you  illustrate  the  upward  and  lateral  pressure  of  liquids  ? 

(175,  Note) 

216.  What  relation  exists  between  the  respective  heights  of  two  liquids  of 

different  densities  placed  in  an  inverted  syphon?  (176) 

217.  What  is  the  amoiuit  of  downward  pres.sure  exerted  by  a  liquid  confined 

iu  any  vessel  r  (177) 

218.  How  would  you  illustrate  this  fact?  (177,  Note.) 

219.  Show  that  weisht  and  pressure  are  not  to  be  confounded  with  one 

another?  (177,  Note  2.) 

220.  Wiiat  are  the  weights  respectively  of  a  cubic  inch,  a  cubic  foot,  and  a 

irailon  of  water,  at  the  temperature  of  00"  Palir.  ?  (178) 

221.  To  what  is  the  pressure  exerted  by  water  on  a  vertical  or  inclined 

surface  equal  ?  (179) 

222.  Give  a  rule  for  finding  the  lateral  pressure  exerted  by  water?  (179) 

223.  How  do  you  find  the  pressure  excited  by  water  against  a  vertical  or 

inclined  surface  at  a  !;iven  depth  ben(!ath  the  water  ?  (ISO) 

224.  How  do  you  find  the  i»ressure  exerted  ag.ainst  any  fraction  of  a  verti- 

cal surface  when  the  upper  edge  is  level  with  tho  surface  of  the 
water  ?  (181)    y. 

225.  Explain  what  is  meant  by  transmission  of  pressure  by  liquids  ?  (182) 

226.  Describe  Bramah's  Hydrostatic  Press,  and  illustrate  by  a  figure  ■  (1S3) 

227.  Explain  the  principle  upon  which  Bramah's  Press  acts?  C1S2,  Note) 
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228.  Por  what  purposes  is  Uramah's  Press  used?  (184) 
S29.  How  do  we  find  the  relation  between  the  power  applied  and  the  pres- 
sure obtained  by  liraniali's  Press*  (185) 
230.  Describe  what  is  meant  by  the  Hydrostatic  Paradox?  (186) 
2S1.  Show  that  it  is  not  in  reality  a  paradox?  (186,  Note) 

232.  Describe  the  Hydrostatic  Bellows?  (Is7) 

233.  Give  the  rule  for  finding  the  upward  pressure  against  the  board  of  a 

Hydrostatic  Bellows?  (188) 
2S4.  When  will  a  body  float,  sink,  or  rest  in  equilibrium  in  a  fluid?  (189) 
235.  What  weight  of  liquid  does  a  floating  body  displace?  (190) 
2S6.  What  portion  of  its  weight  is  lost  by  a  body  immersed  iu  a  liquid  ? 

(191) 

237.  What  is  the  specific  gravity  of  a  body  ?  (192) 

238.  What  is  the  standard  of  comparison  for  solids  and  liquids  ?  (193) 

239.  What  is  the  standard  of  comparison  for  all  gases  ?  (193) 

210.  How  do  we  find  the  speciiic  gravity  of  a  solid  heavier  than  water?  (194) 

211.  How  do  we  find  the  specific  gravity  of  a  solid  not  sufficiently  heavy  to 

sink  in  water?  (195) 

212.  What  is  the  first  method  of  finding  the  specific  gravity  of  a  liquid? 

(196) 

213.  What  is  the  second  method  of  finding  the  specific  gravity  of  a  liquid  ? 

(196} 
244  .How  is  the  specific  gravity  of  a  liquid  determined  by  means  of  the 
Hydrometer?  (196) 

215.  Describe  the  Hydrometer  ?  (196) 

216.  What  difference  is  there  between  hydrometers  designed  for  deter- 

mining the  specific  gravity  of  liquids  specifically  lighter  than  water, 
and  those  for  ascertaining  the  specific  gravity  of  liquids  specifically 
heavier  than  water  ?  (19(3) 

217.  How  is  the  specific  gravity  of  gases  found?  (197) 

248.  How  may  the  weight  of  a  cubic  foot  of  any  substance  be  found  when 

its  specific  gravity  is  known  ?  (199) 

249.  How  may  the  solid  contents  of  a  body  be  found  from  its  weight  ?  (200) 

250.  How  may  the  weight  of  a  body  be  found  from  its  solid  contents  ?  (201) 


231.  What  is  Pneumatics?  (202) 

252.  What  is  the  derivation  of  the  word  atmosphere?  (203) 

253.  What  is  the  atmosphere  ?  (203) 

254.  To  what  height  does  the  atmosphere  extend?  (204) 

255.  Give  the  exact  composition  of  atmospheric  air  ?  (205) 

256.  What  purpose  is  served  Viy  the  oxygen  in  the  air  ?  (205,  Note) 

257.  What  purpose  is  served  by  the  nitrotren  ?  (205,  Note) 

258.  Describe  the  principal  properties  of  carbonic  acid  ?  (205,  Note) 

259.  What  are  the  chief  sources  of  carbonic  acid  ?  (205,  Note) 

260.  What  is  the  maximum  and  what  the  minimum  amount  of  carbonic 

acid  in  the  air?  (205,  Note) 

261.  Describe  the  mode  by  which  the  air  is  kept  sufficiently  pure  to  sustain 

animal  life.  (205,  Note) 

262.  Describe  the  property  of  gaseous  diffusion.  (206) 

263.  Explain  how  tbe  property  of  gaseous  difiusion  aftects  the  composition 

of  the  atmosphere.  (206,  Note) 

264.  Upon  what  does  the  amount  of  aqueous  vapor  present  in  the  atmosphere 

depend?  (207) 

265.  What  is  its  maximum  amount  ?  What  its  minimum  amount  ?  (207) 

266.  To  what  is  the  blue  color  of  the  sky  due  ?  To  what  the  golden  tints  of 

sunset?  (208) 

267.  Which  of  the  essential  properties  of  matter  belong  to  air  ?  (209) 

268.  How  would  you  illustrate  the  impenetrability  of  air?  (209,  Note) 

269.  How  would  you  illustrate  the  inertia  of  the  air  ?  (209,  Note  2) 

270.  Why  does  air  possess  weight  ?  (210) 

271.  What  may  be  taken  as  the  fundamental  fact  of  pneumatics?  (210,  Note) 

272.  What  is  the  weight  of  100  cubic  inches  of  each  of  tbe  following  gases, 

viz.,  oxygen,  hydrogen,  nitrogen,  atmospheric  air,  carbonic  air? 
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273.  Give  some  illustrations  of  the  aggregate  weight  of  the  atmosphere  ? 

(210,  Note  2) 

274.  How  is  it  that  the  lower  strata  of  air  arc  denser  than  the  upper  ?  (211) 

275.  By  what  law  docs  the  density  of  the  atmosphere  decrease  as  we  as- 

cend ?  (212) 

276.  From  what  docs  the  pressure  of  the  air  result  ?  (213) 

277.  What  do  wc  mean  by  sayinpr  the  pressure  of  tlie  air  is  equal  to  15  lbs. 

to  tlie  square  inch  ?  (213,  Note) 

278.  If  the  air  were  of  the  same  density  throughout  to  what  height  would 

it  extend  V  (214.) 

279.  How  is  this  known  ?  (214) 

280.  How  are  j)erniaiiently  elastic  gases  chiefly  distinguished  from  non- 

elastic  gases  ?  (216) 
581.  What  is  meant  by  permanently  elastic  gases  ?  (216,  Note) 

282.  Illustrate  what  is  meant  by  the  elasticity  of  a  gas.  (217) 

283.  To  what  is  the  elasticity  of  gases  due  ?  (217,  Note) 

284.  Enunciate  Mariotte's  law  ?  (219) 

285.  Illusti  ate  it  by  a  bent  tube  as  in  Art.  218. 

286.  To  what  extent  is  Mariotte's  law  true?  (219,  Note) 

287.  What  is  the  air-pump  ?  (220) 

288.  By  whom  and  when  was  it  invented?  (221,  Note) 

289.  Describe  the  exliausting  syringe.  (222) 

290.  Draw  a  sketch  of  the  air-pump  and  describe  its  mode  of  action.  (222) 

291.  Upon  wliat  principle  does  the  air-pump  act  ?  (223) 

292.  How  perfect  a  vacuum  can  be  secured  by  the  air-pump  ?  (223,  Note) 

293.  Describe  the  condensing  syringe,  (224) 

294.  For  wliat  yiurpose  is  the  air-pump  chiefly  used  ?  (225) 

295.  Give  some  illustrations  of  the  pressure  of  the  air  ?  (225,  Note) 
290.  Give  some  illustrations  of  the  elasticity  of  the  air.  (225,  Note) 


297.  What  is  the  barometer  ?  (226) 

298.  By  whom  and  when  was  it  invented  ?  (226,  Note) 

299.  What  arc  the  essential  parts  of  a  barometer?  (227) 

300.  What  is  meant  by  the  Torricellian  vacuum?  (227,  Note) 
801.  How  may  the  excellency  of  a  baronicter  be  tested?  (228) 
.302.  What  is  the  cause  of  th«  oscillfitions  of  the  barometer?  (229) 

303.  In  what  regions  of  the  earth  are  the  oscillations  of  the  barometer  most 

fttful  and  extensive?  (229  Note) 

304.  To  what  regular  oscillations  is  the  barometer  subject  ?  (230) 

805.  At  what  hours  are  the  two  maxima  of  pressure  ?  (230) 

806.  At  what  hours  are  the  two  minima  of  press\ire?  (230) 

307.  in  what  region  are  the  semi-diurnal  oscillations  greatest?  (230,  Note) 
SOS.  Give  some  idea  of  their  extent  in  tropical  countries  and  explain  why 

they  are  not  observed  in  our  climate.  (230,  Note) 
309.  How  may  the  weather  to  be  expected  be  foretold  by  the  oscillations  in 

the  height  of  the  barometric  column?  (251) 
SIO.  What  docs  a  fall  in  the  barometer  denote  ?  (231,  II.) 
311.  What  does  a  rise  in  the  barometer  indicate?  (231,  III.) 
312-  What  docs  a  sudden  change  in  the  height  of  the  mercury  in  the 

barometer  denote?  (231,  IV.) 
313.  What  docs  a  steady  rise  in  the  column  denote?  (231,  V.) 

814.  What  does  a  steady  fall  in  the  column  denote?  (231,  VI.) 

815.  What  does  a  fluctuating  state  in  the  height  of  the  column  of  mercury 

denote?  (231,  VII.) 

816.  Give  Halley's  rule  for  ascertaining  the  height  of  mountains,  &c.,  by 

the  barometer.  (232) 
317.  Give  Halley's  rule  with  correction  for  temperature.  (232) 

818.  Give  Leslie's  rule.  (232) 

819.  Describe  the  essential  parts  of  a  common  pump  and  illustrate  by  a 

diagram.  (233) 

820.  Explain  why  the  common  pump  is  sometimes  called  a  lifting  pumn. 

(233,  Note) 
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32 1 .  Explain  the  principle  upon  which  the  common  pump  acts.  (233,  Note  2) 
622.  Explain  why  the  lower  valve  must  be  within  32  feet  of  the  water  in  the 
reservoir  in  order  that  the  pump  may  act  at  all  times.  (234,  Note  2) 

323.  Describe  the  forcing  pump.  (231) 

324.  Describe  the  essential  pirts  of  a  fire  engine.  (234,  Note) 

325.  Describe  the  syphon.  (235) 

326.  How  is  the  syphon  set  in  operation  ?  (235,  Note  1) 

327.  Explain  ui)on  what  princiiile  the  syphon  acts.  (235,  Note  2) 

328.  When  does  the  consideration  of  forces  come  under  the  science  of 

statics?  (2.3G) 

329.  What  kind  of  forces  are  considered  in  dynamics?  (236) 

330.  Why  is  statics  called  a  deductive  science?  (237) 

331.  Why  is  dynamics  called  an  iudnctive  or  experimental  science?  (237) 

332.  AVhat  may  force  be  defined  to  be?  (238) 

333.  For  what  purposes  is  force  required  ?  (238) 

334.  What  are  the  different  kinds  of  forces  as  regards  duration?  (239) 

335.  What  are  the  different  kinds  of  continued  forces  ?  (239^ 

336.  What  may  motion  be  defined  to  be?  (2t0) 

337.  What  are  the  qualities  of  motion  ?  (241) 

338.  What  are  the  different  kinds  of  motion  ?  (241) 

339.  What  kind  of  a  motion  is  produced  by  an  accelerating,  constant,  or 

retarding  force?  (242) 

340.  What  is  V(!locity?  (243) 

341.  Of  how  many  kinds  is  velocity  ?  (243) 

342.  When  is  velocity  said  to  be  uniform  ?  (243) 

343.  What  is  momentum  or  niotal  force?  (245) 

344.  To  what  are  the  momenta  of  bodies  proportional?  (246) 

345.  When  the  velocities  of  two  moving  bodies  are  equal,  to  what  are  their 

momenta  proportional  ?  (247) 
343.  When  the  masses  of  two  moving  bodies  are  equal,  to  what  are  their 
momenta  proportional  ?  (248) 

347.  When  we  speak  of  multii)lying  a  velocity  by  a  weight,  what  do  we 

mean?  (249,  note) 

348.  When  force  is  communicated  by  impact  to  a  body  at  rest,  how  long 

will  the  body  remain  at  rest  ?  (254) 

349.  Give  the  first  general  law  of  motion.  (255) 

350.  Whose  law  is  this?  (257,  Note) 

351.  Give  the  second  law  of  motion.  (256) 

352.  Whose  law  is  this?  (257,  Note) 

353.  Give  the  third  law  of  motion.  (257) 

354.  Whose  law  is  this  ?  (257,  Note) 

355.  What  is  reflected  motion  ?  (258) 

356.  What  is  the  angle  of  incidence?  (258) 
337.  What  is  the  angle  of  reflection  ?  (258) 

358.  What  proportion  exists  between  the  angle  of  incidence  and  the  angle 

of  reflection?  (25S) 

359.  How  would  all  bodies  fall  in  a  vacuum?  (259) 

300.  Upon  what  does  the  resistance  encountered  by  a  body  moving  through 
the  atmosphere  depend?  (260) 

361.  "W'hat  is  the  nature  of  the  motion  of  a  heavy  body  falling  from  a 

height?  (261) 

362.  What  velocity  is  acquired  by  a  heavy  body  in  falling  through  one 

second?  (264) 
863.  Through  how  many  feet  does  a  body  fall  during  the  first  second  of  its 

descent?  (265) 
384.  Deduce  a  set  of  formulas  for  the  descent  of  bodies  freely  through 

space.  (266) 

365.  When   a  body  is   projected   upwards   what   is  the   nature  of  it-s 

motion?  (267) 

366.  Give  the  formulas  for  the  motion  of  a  body  projected  upwards  or 

downwards  ?  (268) 
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367.  "Whonabody  is  descending  ail  incline  how  is  tlie  gravity  expended?  (269) 

368.  What  arc  the  laws  of  descent  on  inclined  planes?  (270) 

369.  Upon  what  is  the  iinal  velocity  of  a  body  falling  down  an  incliuo 

dependent?  (271) 

370.  "U'hat  are  tlu;  laws  of  descent  in  curves?  (273) 

371.  What  is  the  braehvstoehrone? 

372.  What  is  a  cycloid  ?  (274) 

373.  Deduce  a  set  of  formulas  for  descent  on  inclines.  (275,  276) 


874.  What  is  a  projectile?  (277) 

37.5.  What  forces  i'litluencc  projectiles?  (278) 

376.  What  is  tlic,  theoretical  path  of  a  projectile?  (278) 

377.  What  is  a  parabola?  (27iS,  Note  1) 

373.  Upon  what  erroneous  suppositions  is  the  parabolic  theory  based  'i 
(278,  Note  2) 

379.  Show  that  when  a  body  is  projected  horizontally  forward  the  horizontal 

motion  does  not  interfere  with  the  action  of  gravity.  (279.  Note) 

380.  What  are  the  three  conclusions  of  tlu;  parabolic  theory  ?  (2Sn) 

381.  What  is  the  greatest  horizontal  range  of  ;i  iirojeetile?  (2SU,  Note) 

382.  To  wliat  is  tlie  velocity  of  projection  speedily  reduced,  no  matter  what 

it  may  liave  been  oriiiinally  ?  (2^sl) 

383.  How  do  you  exiilain  this?  (281,  Note  1) 

381.  What  is  th(^  atiiiosiihevic  resistance  encountered  by  a  ball  or  other 
projectile  having  a  velooity  of  20(K)  feet  per  second?  (281,  Note  2) 

385.  W  hen  a  ball  has  considerable  windage,  what  is  the  amount  of  deflection 

ill  its  course?  (281,  Note  3.) 

386.  What  arc  the  most  important  laws  regarding  the  motion  of  projectiles 

thrown  vertically  into  the  air?  (282) 

387.  What  are  the  most  iinjtortant  laws  regarding  the  motion  of  projectiles 

thrown  at  an  angle  of  elevation?  (282) 

388.  To  what  is  the  explosive  force  of  gunpowder  exjdoded  in  a  cannon 

equal?  (283) 

389.  With  what  velocity  does  exploded  gunpowder  tend  to  expand?  (283) 
.390.  What  is  the  c  mpusition  of  gunpowder  r  (283,  Note) 

391.  What  is  the  geatest  initial  velocity  that  can  be  given  to  a  cannon  ball  ? 

(284) 

392.  To  what  is  the  velocity  of  a  ball  of  given  weight  fired  with  a  given 

charge  of  powder  proportional  ?  (284,  Note) 

393.  To  what  are  the  velocities  of  balls  of  equal  weight  fired  by  the  same 

charge  of  powder  proiiortioiial  ?  (2S5) 

394.  To  what  are  the  velocities  of  balls  of  different  weights  but  of  the  same 

dimensions  fired  by  erpial  quantities  of  powder  proportional  ?  (28(5) 

395.  To  what  is  the  depth  which  a  ball  penetrates  into  an  obstacle  propor- 

tional ?  (287) 

396.  Give  the  rule  for  finding  the  velocity  of  any  shot  or  shell  when  its 

weight  and  also  that  of  the  charge  of  powder  are  known  ?  (288) 

397.  What  is  centrifngnl  force?  (2S9) 

398.  Wlivt  is  sometimes  called  tangential  force?  (2S9,  Note) 

399.  What  isoentriijetal  I'orce?  (29i)) 

400.  When  does  a  body  move  in  a  circle?  (291 ) 

401.  When  does  a  body  move  in  an  ellipse?  (2'.)l) 

402.  How  long  can  a  rotating  mass  preserve  itself?  (292,  Note  1) 

403.  Give  some  examples  of  the  ell'ects  of  centrifugal  force.  (292,  Note  2) 
494.  If  the  vi'locity  and  radius  are  constant,  to  what  is  the  contiifugal  force 

proportional?  (21)3) 

405.  A^  hen  the  radius  is  constant  Iiow  doen  the  centrifngal  force  vary  ?  (294) 

406.  What  is  tlu^  amount  of  centrifugal  force  at  the  cquatoi-?  (294,  Note) 

407.  How  rapidly  must  tlie  earth  revolve  in  order  that  the  centrifugal  force 

at  the  ctpiator  may  equal  gravity?  (291s  Note) 

408.  Whcnthe  v.'locity  is  constant  how' does  the  centrifugal  force  vary?  (295) 

409.  When  th(!  number  of  revolutions  is  constant  to  what  is  the  centrifugal 

force  proportional?  (296) 
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410.  Give  a  set  of  formulas  for  calculating;  centrifviiial  force.  (297) 

411.  Give  a  rule  for  flndina;  the  work  accumulated  iu  a  moving  body.  (299) 

412.  What  is  a  pendulum  ?  (300) 

413.  "What  is  a  simple  pendulum  ?  (301) 

414.  What  is  a  compound  or  material  j)endu]um?  (30i) 

415.  Wliat  is  an  oscillation  or  vibration  ?  (303) 

416.  What  is  the  amplitude  of  the  arc  of  vibration?  (304) 

417.  What  is  the  duration  of  a  vibration?  (305) 

418.  What  is  the  length  of  a  pendulum?  (306) 

419.  What  is  the  centre  of  suspension  ?  (307) 

420.  What  is  the  centre  of  oscillation?  (3ii8) 

421.  What  is  the  centre  of  percussion  ?  (308,  Note) 

422.  What  is  meant  by  saying  the  centres  of  oscillation  and  suspension  are 

interchanfreable  ?  (369) 

423.  How  is  the  duration  of  a  vibration  affected  by  its  amplitude  ?  (310) 

424.  ^^^lat  is  meant  by  saying  the  vibration  of  the  pendulum  is  isochronous  ? 

(310,  Note) 

425.  What  relation  exists  between  the  lengths  and  times  of  vibrations  of 

pendulums?  (314) 

42S.  Give  the  chief  laws  of  the  oscillations  of  the  pendulum.  (311-316) 
427.  Why  dues  the  seconds  pendulum  vary  in  length  in  diflerent  latitudes  ? 

(316,  Note) 
423.  What  is  the  length  of  a  seconds  pendulum  in  Canada?  (316,  Note  2) 

429.  To  what  purposes  is  the  pendulum  applied?  (317) 

430.  How  is  the  pendulum  used  as  a  measure  of  time  ?  (317,  Note) 

431.  How  is  the  penduliuu  used  as  a  standard  of  measure?  (317,  Note) 

432.  How  do  we  find  the  length  of  a  pendulum  to  vibrate  in  a  given 

time   (319) 

433.  How  do  we  And  the  number  of  vibrations  lost  by  a  pendulum  of  given 

length  when  the  force  of  gravity  is  decreased?  (320) 

434.  How  do  we  And  the  number  of  vibrations  gained  hy  a  pendulum  of 

given  length  when  it  is  shortened?  (321) 

435.  What  isthe  science  of  Hydrodynamics?  (322) 

436.  Enunciate  Torricelli's  theorem.  (323) 

437.  In  what  time  does  a  full  vessel  empty  itself  through  an  orifice  in  the 

bottom  ?  (324) 

438.  How  is  the  quantity  of  fluid  discharged  through  an  orifice  of  given  size 

found?  (325) 
4:?9.  What  is  the  ve7ia  contracfa?  (325,  Note) 

440.  What  relation  exists  between  the  theoretical  discharge  and  the  actual 

discharge  ?  (325,  Note) 

441.  Give  the  rule  for  finding  the  velocity  and  quantity  of  fluid  discharged 

through  an  aperture  of  given  size.  (326) 

442.  When  water  spouts  from  an  aperture  in  the  side  of  a  vessel  how  is  the 

horizontal  distance  to  which  it  is  thrown  found?  (327) 
343.  When  a  liquid  flows  through  a  pii^e  or  channel,  which  part  has  the 
greatest  velocity  ?  (329) 

444.  How  is  the  velocity  of  a  stream  determined  ?  (329,  Note  2) 

445.  What  are  the  principal  varieties  of  water  wheels?  (332) 

+46.  In  water  wheels,  when  is  the  greatest  mechanical  eff'ect  produced  ?  (333) 
447.  Give  the  rule  for  finding  the  horse  powers  of  upright  water  wheels.  (334) 


TiiE    END. 
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